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GEHING STARTED WITH YOUR APPLE II 



Unpjicking 

Boti't throw away the packing material . Save it for the unlikely 
event that you may need to return your Apple II for warrantee repair 
If ymi bought an Apple II Boftrd see hardware section In ttM 
mmm% on hm get started, fm shiould have received the foTloiffn 

1. ^pTe 11 system Including mother printed cireult board 

with specified amount of RAH memory and 8K of ROM memory* 
switching power supply » keyboard, and case assembly. 

2. Accessories Box including the following: 

a. This manual including warranty card . 

b. Pair of Game Paddles 

c. A.C. Power Cord 

d. Cassette tape with "Breakouf'on one side 
and ''Color Demos" on the other side. 

e. Cassette recorder Interfaoe cable (miniature 
phone jack type) 

3. If you purchased a 16K or larger iystemt your accessory 
box should also contain: 

a, 1€K Stftrtr^k game cassette i^Wlt High ResoltitV^ 

Graphics Demo ("HIRES") on the flipside. 

b, Applesoft Floating Point Basic Language Cassette 
with an example f^rm m Vim oth&t side. 

e* Applesoft reference manual 

4. In addition other items such as a vinyl carrying case 
or hobby board peripherial may have l^een Included if 
specifically ordered as "extras". 

Notify your dealer or An^le C^uter. Inc. Immediately If yw are 
iRlss1ii| any items. 

Ifarranty tegtstration Card 

Fitl this card out iMRNtlately and completely and mall to Apple In 

order to register f^^' pie year warranty and to be placed on 
owners club maillnff tl£%. Your Apple II's serial number is located 

A2S0OMX 

MM Is the amount of memory you purchased. For Example: 

Is an 8K Byte Apple II system. 
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Check for Damage 



Inspect the outside case of your Apple for shipping damage. Gently 
lift up on the top rear of the lid of the case to release the ltd 
snaps and remove the lid. Inspect the inside. Nothing should be 
loose and rattling around. Gently press down on each integrated 
circuit to make sure that each is still firmly seated in its 
socket. Plug in your game paddles into the Apple II board at the 
socket marked "$AME I/O" at location J14p See hardware section of 
this manual for addltfmml detail . The white dot on the pnnector 
should be face forward. Be careful as this connector is ff^^He, 
Replace the lid and press on the back top of it to re-snap it into 



Power Up 

First, make sure that the power ON/OFF switch on the rear power 
supply panel on your Apple II Is in the "OFF" position. Connect 
the A*C. ^mt eord to the Apple and to a 3 wire 12$ volt A*€. 
outlet. Make sure that you connect the third wire to ground if 
you have only a two conductor house wiring system* This ground 
is for your safety if there is an internal failure in the Apple 
power supply, mimmizes the chance of Static daniage tq the /^let 
and minimizes RFI problems. 

Connect a cable from the video output jack on the back of the Apple 
to a TV set with a direct video Input jack. This type of set is 
COflimonly called a "Monitor". If ybiiir set does not ttim t dtfsiot 
yt<teo input, it is possible to modify your existing set. Write fpf 
Aipple's Application note on this* Optionally you may connect the 
^ple to the antenna terminals of your TV If you use a modulator* 
See additional details in the harctware section qf this manual under 
"Interfacing with the Home TV". 

Now turn on the power switch on the back of the Apple. The indicator 
light (it's not a switch) on the keyboard should now be ON, If 
not, ^heck A.€i connections. Press and release the "Reset" bti^n 
on the keyboard. The following should happen: the Apple's internal 
speaker should beep, an asterisk {"*") prompt character shpMid appear 
at the lower left hwid corner of your TV, and a flashing square 
should appear just to the right of the asterisk* The rest of the 

TV screen will be made up of radom text characters topically question marks). 

If the Apple beeps and garbage appears but you cannot see an and the 
cuT^or, the hoHfontal or vertical height settings on the TV need to be 
adjusted. Now j^eprass and release the "ESC" key, then hold down the 
"SHIFT" key white depressing and releasing the P key. This should 
clear you¥^ TV screen to all hla«^IJ. Now depress and release the "RESET" 
key again. The "*" prompt character and the eursoir should retum to 
the lower left of your TV screen. 



2 



E 



j |yle Speaks Several Laaquages 

The prompt character indicates which language your Apple is ciirrett 
ft** The current prompt chara^lSert an asterisk ("*"), indicates tht 
you are in the "Monitor" language, a powerful machine level langua 
for advanced programers. Details of this language are in the 
"Firmware" s«cet1oii of this Miiual. 

Apple Integer BASIC 

Apple also contains a high level English oriented language called 
Integer BASIC, permanently in its ROM memory. To switch to this 
language hold down the "CTRL" key while depressing and releasing t 
"B" key. This is called a control-B function and is similiar to 
the use of the shift key in that it indicates a different function 
to the Apple. Control key functions are not displayed on your 
TV screen but the Apple still gets the message. Now depress and 
release the "RETURN" key to tell Apple that you have finished typi 
a Tine ©B tfie 'keyboard, A right facing arrow (">") called a care| 
will now appear as the prompt character to Indicate that Apple is 
now 1n Its Interger BASIC language mode, 

Ryrming Your First and Second Program 

Rea<l through the next three sections that Include: 

1, Loading a B/\SIC program Tape 

2, Breakout Game Tape 

3, Color Demo Tape 

Then load and run each program tape. Additional information on 
Apple 11 's interger 8AS1C is in the next section of this tnanuaK 

Running 16K Starti^k 

If you have 16K Bytes or larger memory in your Apple, you will a^s^ 
receive a "STARTREK" game tape. Load this program just as you did 
the previous two» but before you "RLiN" it, type in "HIMEM: 16384" 
to set eKa^% whem tii mmry tht« pmifm is te run. 
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LOADlNfi A FR06RAH TAP| 



immmcim 

this section describes a procedure for loading &ASI& f t^gritms 
successfully into the Apple II. The process of loadirrg a program is divided 
Into three section; System Ched(0U^» Leading a Tape and What to do when 
^ have Loading ProbleiFEs;. Thciy are ^iscitssed belcw. 

When Tc^dins a tapi^ ^he Apple 11 needs a signal atout 2 1/2 to 5 
volts peak-f»^|(sa!k, ComionTy, this signal Is obliined from the "Monitor" 
ot "earphG^e" output jacfe on the tape reddir#r. in^ldie most l^pe r^cordef^, 
^ts $i|ni1 Is cteHved from the tape recorder's s^^St&t* ine ean take 
^dfant^p of this fact ii^en setting the volunme le^Ts, Using m Apple 
Computer pre-recorded tape, arid with a11 ^bles disconnected » plaj^ the tape 
dhd adjust the voltHne to a loud but un-dlstp^ level. YSu #11 find t^t 
this voliane setting will be quite dose to the optlimAn setting. 

Some tape recorders (mostly those intended for use with hi-fi sets) 
do not have an ^'earphone" or high-level ^'monitor" output. These machines 
have outputs labeled "line output" for connection to the power amplifier. 

The signal levels at these outputs are too low for the Apple II in most cases. 

Cassette ^e recorders In the $4(J - $5jJ range generally have ALC 
(Autfflnatic level Control} for recording fro«ii the micro^otie liifyt. This feature 
1$ useful since the HSi^ doesn't have to set any volume controls to difeailn 
a good iigi^ofdlnf. If pu am using a reoorder whieh must be ad|ustid» fi 
vHil have a ^m$t ineltr of # little 11#t to mtn of excessive rec^rdlM levels^ 
^ 1^1 t/i $mt b&tmW^ Mm} meter's maxltnum. or to just a 

iim ffHlicatloh on the teirefl 1^. LM^n to Ihie retarded after you We 
saved a program to ensure l^at the rejCoNtng Is *'touid and cl^r^. 

Apptle ioBipuiter has found that an occasional tape recorder will not function 
proferly ^en both Input <ind Oiil^^t ^^hlts are tluffld tn at the sp^ tline. 
IM^ fftPlitt bieh triili W % dr^P IS^ 1^ tftt f^iNEIr tlsilf «M|h 
prevents making a good recoi^!n|:ito £4^n| a |fl*i||»^« the easi^t solution 
ts to unplug the ^^nwirttor" oa^^ recording- Thlii grouf!^ tiio^ dc^ not 
influence the system when Toadfiig a pre-recorded tape. 
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Tape recorder head allgrmafit It most tmtm wmte of tape morder 
pr^1^. If the pli^ek head Is skewed, then high frequenqf Information 
on pre-recorded tapes fs 1o$t aMi all 4f errom #111 ^ult. Ip coi^iin 
that head allgnnent Is tlie proti1em» write 9 ^rt program In MilC. >10 END 
1$ isuf ficlent. thill mm this frogr^^ Md thM rewind and loid tiie program. 
If you can accomplish this easily hut cannot load pre-recorded tapes, then 
head allgn^nt problms are Imllcat^* 

Apple Computer pre-recorded tapes are made on the highest quality professional 
duplicating machines, and these tapes may be used by the service te^nllSfail ^ 
align the tape recorder's heads. The frequency response of the tape recorder 
should be fairly good; the 6 KHz tone stmli be not more than 3 db down from 
a 1 KHz tone, and a 9 KHz tone should be no more than 9 db down* Note that 
recordings you have made yourself with nls-allgned heads may not not play 
properly with the heads properly aligned. If you made a recording with a 
skewed record head, then the tiny magnetic fields on the tape will be skewed as 
well, thus playing back properly only when the skew on the tape exactly mtcbes 
the skew of the tape recorder's heads. If you have sai^ valuable programs with 
a skewed tape recorder, then borrow another tape recorder, load the programs vHtIi 
the old tape recorder Into the Apple, then save them on the borrowed machine* 
Then have your tape recorder properly aligned. 

Listening to the tape can help solve other problems as well. Flaws In the 
tape» excessive speed variations, and distortion can be detected this way. 
Saving a program several times in a row is good insurance against tape flaws- 
One thing to listen for is a good clean tone lasting for at least 3 1/2 seconds 
is needed by the computer to "set up" for proper loading. The Apple puts out 
this tone for anout 19 seconds when saving a program, so you normally have 
6 1/2 seconds of leewi^. If the playback volume is too high, you may pick up tape 
noise before getting to tte set-up tone* Try a lower playback volume* 

SYSTEH CHECKOUT 

A quick check of the Apple II computer system will help you spot any 
problems that might be due to improperly placed or missing connections between 
the Apple II, the cassette interface, the Video display » and the game 
paddles. This checkout procedure takes just a few seconds to perfor»i and 
is a good way of insuring that everything is properly connected beft** tte 
power is turned on. 
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1. POWER TO APPLE - check that the AC power cord is plugged 
into an appropriate wall socket, which includes a "true'* 
ground and is connected to the Apple IT* 

2. CASSETTE INTERFACE - Check that at least one cassette 
cable double ended with miniature phone tip jacks is 
connected between the Apple II cassette Input port and 
the tape recorder's MONITOR plug socket. 

3. VIDEO DISPLAY INTERFACE - 

a) for a video monitor - check that a cable connects 
the monitor to the Apple's vtdSb output port. 

b) for a standard television - check that an adapter 
(RF modulator) is plugged into the Apple 11 (either 
in the video output (K 14) or the video auxiliary 
socket (J148), and that a cable runs between the 
television and the Adapter's output socket. 

4. GAME PAWaf IHTERFACE - if paddles are to be used, check 
that they are connected into the Game I/O connector Ul4J 
on the right-hand side of the Apple H mainboard. 

5. POWER ON - flip on the power switch in back of the Apple II, 
the "power" indicator on the keyboard irlll light. AlSQ 
make sure the vIdM monitor (or TV set) is turried on. 

After the Apple II system has been powered up and ^e video dfspT^^ 
presents a random matrix of question marks w either text chiracljefrs the 
following procedure can be followed to load a BASIC program tape: 

1. Hit the RESET key. 

An asterick, should appear On th^ lefthand side 

of the screen below the random text pattern, A flashing 

white cursor will appear to the right of th^ asterick. 

2. Hold down the CTRL key, depress and release the B key, 
then depress the "RETURN" key and release the "CTRL" key. 
A right facing arrow should appear on the te^^ Jife 
of the screen with a flashing cursor next to it. If it 
doesn't, repeat steps 1 and 2. 

3. Type in the word "LOAD" on the keyboard. You should see 
the word in between the right facing arrow and the 
flashing cursor. Do not depress the "RETURN" key yet , 

4. Insert the pragram cassette into the tape recorder and 

reHind \h ' 

5. If not already set, adjust #ie Volume control to S9-7^% 
maximufli. If present, adjust the Tone control to 8JS-100% 
maximum. 
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6. Stiri the tape recorder in "PLAY" mode and now depress 
the "REtURN" key on the Apple II. 

7. The GUrso** disappear and Apple EI wiTl beep In a 
few seconds when It finds the beginning of the program. 
If an error message is flashed on the screen, proceed 
through tN steps listed In the Tape Problem section 
of this paper* 

8, A ^mm4 beep will sound and the f1|i$Mfig cursor will 
reappear after the program has b€^n successfully loaded 
into the computer, 

9, Stop the tape recorder. You may want to rewind the program 
tape at this time. 

IG* Type 1n the word "RUN" and depress the "RETURN" key. 

The stejfcs in Idadini a prsgt^m have been con^sleted and If everying has 
gone satisfactorily the program wITI be operating now. 

LOADING PROBLEMS 

Occasionally, while attempting to load a BASIC program Apple II 
beeps and a memory full error is written on the screen. At this time 
you might wonder what is wrong with the computer, with the program tape, 
or with the cassette recorder. Stop, This is the time when you need 
to take a moment and checkout the system rather than haphazardly attempt- 
ing to resolve the loading problem. Thoughtful action taken here will 
speed in a program's entry. If you were able to successfully turn on the 
computer, reset it, and place it into BASIC then the Apple II is probably 
operating correctly. Before describing a procedure for resolving this 
loading problem, a discussion of what a memory full error is ofdfer. 

The memory full error displayed upon loading a program indicates that 
not enough (RAM) memory workspace Is available to contain the Incoming data. 
How does the computer know this? Information contained in the beginning of 
the program tape declares the record length of the program. The computer 
reads this data first and checks it with the amount of free memory. If 
adequate workspace is available program loading continues. If not, the 
computer beeps to indicate a problem, displays a memory full error statement, 
stops the loading procedure, and returns command of the system to the key- 
board. Several reasons emerge as the cause of this problem. 
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Memory Size too Small 

Mtemptlng to load a 16K program into a 4K Apple II will generate this 
kind Of ermr iiie^me- It is called loading too large of a program. The 
solution Is strai#t forward: only load appropriately sized programs into 

suitably sized s^tans. 

possiMe reason for an error message is that the memory pointers 

which indicate the bounds of available memory have been preset to a smaller 
capactt^:. TH1;S OOWld have happened through previous usage of the "HIMEN 
and "LOffHi^ Statements. The solution is to reset the pointers by B (CTRL 6) 
command/ Hold the CTRL m down, depress and release the B key, then depress 
the RETURN and release the CTRL key. This will reset the system to max- 
imum caoacltv. 



Cassette Recorder Inadjustment 

If the Volume and Tone controls on the cassette recorder are not 
properly set a memory full error can occur. The solution is to adjust 
the Volume to 5^-7?SB maximum and the Tone (if it exists) to 8SJ-lp?% 
maximum.* 

A second conmon recorder problem is skewed head azimuth. When 
the tape head is not exactly perpendicular to the edges of the magnetic 
tape some of the high frequency data on tape can be skipped. This causes 
miMfng bits in the data sent to the computer. Since the first data read 
is record length an error here could cause a memory full error to be 
generated because the length of the record is inaccurate. The solution: 
adjust tape head azimuth. It is recommended that a competent technician 
at a local stereo shop perform this operation. 
Often times new cassette recorders will not need this adjustment • 



*Apple Computer Inc. has tested many types of cassette recorders and so far 
the Panasonic RQ-309 DS (less than WM) has an excellent track record 
for program loading* 
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Tape Ptiii1«ais 

A iKirijpfy ftill trror can resuH fit» unlnlfiintloiial fiol$t existins In 
a program tape* This be ^e result of a profpai i|pi starting cm Its 
h^Kiar nAlch sometimes causes a glitch going from a notWigRetic to magnetic 
recording surface mi is interpreted by the computer as the record length. 
Or, the pr^pram tape can be defective due to false erasures iRP^fi^^tlons 
in the tape* or physical damage. The solution Is to take a mment and 
listen to the tape. If any Imperfections are heard then replacement of the 
Upe Is ^lled for. Listening to the tape a$|^ui«$ ^ft j^u know what a 
"good** pn^ram tape sounds like. If you have questions about this please 
c^tact your local ctealer or An>1e for assistance. 



If noise or a glitch is heard at the beginning of a tape advance the 
tape to the start of the program and re-Load the tape. 

Dealing idtti the Loading Problan 

With the ifflderstanding of ^t a memory fdtl error Is an efficient m^f 
of dealing with program taj>e loading problens Is to perform the followii^ 
procedure: 

1. Check the progrffl!! tape for its memory requirements. 
Be sure that you have a large enough sj^tim* 

0. iefore loading a program reset the manory pointers 
irith the (control B) commnd. 

3* U si)e0a] cases have the tape head azfmutti 
checked and adjusted. 

4. Check the program tape by listening to it. 

a) Replace it if it is defective, or 

b) start it at the beginning of the program. 

5. Then re-Um ttm progrw tape into the A|H>ie II. 

Tfi liOst If tM proceeding is foTloned a good tape load will result* 

UNSOLVED PROBLEMS 

If you are having any unsolved loading problems, contact your 
raif^t local dealer or Apple Computer Inc. 
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BREAKOUT GAME TAPE 



pmmm description 

Breakout is a m\m Wf^0iM ttte ApJJtle 11 eomputer. The object of 

tJm pme ts te ''krtS(i6'^* all esiored brtife from the playing field by 
hitting than with the boancinf ball. Yom direct the ball by hitting it with 
a paddle on the left side of *hei st<«e|(. ¥gu eentml the paddle with one of 
ttie #ple% Same Paddle controllers. But watch out: you cm only miss the 
ball ri ve tlniesl 

there are eighf «Q(ll»ps iirlcks. As penetrate through the wall the 
point value of the bricks incimses. A ptrftet wm H mjnU* %ftfr 
five balls have been played the eoiiiui^ nflll display your score and a 
rating such as "Mm ^Jed^. "Tefrlble!*, et*. After ten hits of the ball. 
Its speed i»1ti dSiWe^f making 1M lame more difffcult. If you break through 
to the back wallj the ball will r^sbound back and foifth, racking up points. 

BreaktBtit is a ehanenging gan* that tests your concentration, dexterity i 
and skill. 

REQUIREMENTS 

This program will fit Into a 4K or gmeater system. 
BASIC 1s the programtnlng Tanguage used. 

PUYIN6 BREAKOUT 

1. Load B*«afe6ut f awe folTowing Instructions in the "Loading 
a BASIC Program from Tape" section of this manual. 

2. Enter your name and depress RETURN key. 

3. If you want standard BREAKOUT colo*^ type In Y or Yes 
and hit RETURN. The game will then begin. 

4. If the answer to the previous questions was N or No 
thth the available mj&ps will be displayed. The 
player will be asked to choose colors, represented by a 
number from f to 15, for background, even bricks, odd 
bricks, paddle and ball feOlttr'S. After these have been 
chosen the game will b#g1n. 
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i. At the mi «f the garo you win be asked if they 

want to play again. A Y or Yes response will start 
another game. A N or No will exU from the program, 

NOTE: A game paddle {150k ohm potentiometer) must fee Connected 
to POL (0) af the ^me 1/0 connector for this gaifte. 



COLOR DEHO TAPE 



PROGRAM DESCRIPTION 

COLOR DEMO demonstrates some of the Apple 11 Video graphics 
capabilities. In it are ten examples: Lines, Cross, Weaving, 
Tunnel, Circle, Spiral, Tones, Spring, Hyperbola, and Color Bars. 
These examples produce various cOTibinationS i^f viMat patterns 
in fifteen colors on a monitor or television screen, for example. 
Spiral combines colorgraphics with tones to produce some amusing 
patterns. Tones illustrates various §Ounds that yM cm produce 
with the two inch Apple speaker. These examples also demonstrate 
how the paddle inputs (PDL(X)) can be used to control the audio 
and visual displays. Ideas from this program can be incorporated 
into other programs with a little modiftcatisn* 

REQUIREMENTS 

4K or greater Apple II system, color monitor or television, 
and paddles are needed to use this program. BASIC is the pro- 
gramning 1an§uafe used. 
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648 i;= 1+7 : L=t»f;*5+K*26+78: L=3£76? 
/W PR (8)/ie)! POKE w. 

m. it mm 



798 1= m imhM*w*\m* 

IM^^W/M POL (8)/18): 
fm S,l: POKE 1,K H3C 2SS 

^ !{:3!R=m:F=R;l=3g:U^4;r:^8 
i>l: raief^B: HlIH 8,39 hi 

4: m.ik^ii WM mt um.- 

Ui VLIN S,H-2 AT K 

mi VIIH 5,39 RT X:m: IF 
X<39 THEN S2e:X=3: VLIH S«39 
AT 1: VLIH 5,39 RT I 

i CflTO 818 
386 H=L-lf!Ll=^H-l!L£=H+li VLiM LI, 
a. AT K-t: VLIH L1,L£ AT P. 

miuizuMi mm 

588 I=l+[ m 15: FCR M TC 3- 
J FM TO 39! CDLCE=it; BBS 
(28-XH)*( SBS (29-f)-Z)'£5 
! H.OI X,t: KEXT GOSUB 
18118: SOTS 981 

mm ^ 

8,39 RT 3+1: VTfffi ZUWZ) m 
it m 3+Ji IF J HOD £ THEN 

PSIHT Hr. i^m imii %n 



39 RT J: iirm 
mi If PEEK (-!&3a4Kl£S THEH EEIiKK 

: m -tm,ii m 
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tm^ IS A SHORT ficsadpriutt or mu n plav HTMirfteK tm fHE 

TH£ UNIVERSE 15 nftl'E (Jf ri-l OlfftlrkANiS ftN y J x , 

THE OUAIiRANT |H UMICH YOU 'THE ENlEfrfftlSE * ARE r tS IH UHlTEf 
ANI1 A «LDU UP or THAT mJAItRANT IS FOUNl' 1(4 1H£ LOU£R LEPT 
CORNER. VOUR SPrtCe S»JP STATUS IS FOUWt* I« A TrtBtE TB 
THE ftlCHT SIDE OF TNE OUATi^AMT Hi OU UF . 

THIS IS A SEARCH ^^NI» liCSTROt MISSION. ^ HL OI-JECT IS TO LUHl, i-f^HUl 
SENSE rOft INFORMATION AS TO WHERE ^LJH0ONS thJ AR£ » HQVt TO THAI OUAl«hA*JI. 

NUrtPEftS DISPLAYED FOft EACH OijAliFiAWT [lENOTE : 

« OF ST^^RS IM THE CJWES fLflCE 
t OF PASES IH THt TENS fLnC£ 
» OF KLlNf.CmS IW IHL HUNl'fvLti^J l-l^ftCE 
AT rtf^y TIME hUftlNCi 'HE [rflME i FDK iNSTANCt I'Ff Ut*\ TOlfll.LY 

mM6 OttT OF ENEi^GTf 01^ NECnS TO kEGENEhATE ALL &YS1tn&» GUL flUVES TO A 

(KIAftf^AKT imiCH lIHGLWES ft «D^f lOMS MEltT TP IMAi tt!?filE *IHIC« TINE 

TIC &ASE ^tf^&n^TS mm mi mtmmts m» mm. mriits *ao* 

TO PLAT I 

1. THE COHHAiiattf^^H liG OBTAlNCO SV TYPING A -0' IZEROI AHD RETURlf. 
TMET Mi£t 

I, FF^nPUl Slflr* ?. ^EGKVEFfATE 

5* PHOTON TUF^f'EDOEb 6* tiAUAXY f<£CDRti 

7:, COHPUTER 9* fWI^ 

9. SHIELD EHERDY i^VMlMt fiStPORT 

MtLOAK PHOT ON TOftPCMES 

ff. THt COHAHPS ARE invDKtD m TTPl«e IHE HimBEft RCrEftlMO TG THEfl 
FOLtoyEO a *rltukn'. 

A* IF RESPONSE IS 1 THE COMPUTER UiLL ASK HARP Oft tOH AHD 
EXPECTS IF ONE UAifTS TO TRAVEL IN THE GALAXY 

BCTHEEH OUAl'KfiNT>. AW6 M it ONt fcJAHTS ONLY 

INTERNAL uuntiHftf^T rKAVEL> 

DURATION Oh WARP FACTOR IS THk NUHfc<l;h iif- ACES OK 

QUAt>RAHTS THE eMTiRf!ftlK HtUk mm* 

COURSE IS COriPASS KEi^TiINd fM t^ORECS FO^ THE Wl'^ 

REI^ EiEBTJNAMtm. 
B. A- 2 REGCHEftATL:f. ihl irJLf^'bT i Kt t >n nSl U*^.- 
C* A 3 OIVES THE CONIENTS Of 1 Ht jMttEt'JATt AI'JACEHT ^KI^fRH^S* 

THE OALAXY IS HRAP-AROumi IN ALL lilRECTIOHfi' 
V. 4 FIRES PHASERS AT THE EXPEHSE OF AVAILABLE EN£RGV« 



Ei S lOTTTATES A BET OF DUESTtONS FOR lORPEPO FIPlMG. 

TMCY CAN RE FlhED AUTOMATICALLY IF THtV HAVE 

HftN LOCKEI' ON TARGET UHlLE IN THE COMPUTER 

nODEi OR HAT b£ FlREl* HAMlJALLY IF THE TRAGECTOIIY ANGLE 

r. « i^|i**tO*'ALL GIVE iNFORHftTlOW *i««t THE ftTATtfS OT THE'SHXP 

ANO ITS ENVIRONMENT* 
G. 9 SETS THE SHIELD EN^fVG'^ /A<Jrt 1 1 rtM G f KGY RATIO* 
H* 11 ftSKS FOR INFORrtflTION DN LOrtl'INti ftNl' UNUOftl'lNC OF 

PHOTON lOkPEl'OES AT IHE ESPENSE OF AVAILABLE EHCROT* 

THE mSUtk SHOULI* ££ A SIGNED NUMBER* r^R txmmS 
4S OR "Z* 

t» T CHTERS A COMPUTER HHlON HILL RESPOND TO THE FOU-OHIMO 
IHSTRUCTIOHS; 

3, LOCK PHG1C1H TDf<PEI*OES 

4* LOCK COURSE 5. COHPUTE TRE^CTORV 

6* STATUS 7. RETURN TO COHAND HODe 

III THC FIRST FlUt ONE WILL HAUE TO GIVE COnRMNATES, 
COORlllNATES AKL tly£N JN MATHrtATICAU MDlfillflN Ul Tl* 
tHC EXCEPTION THAT THE 'T* VALUE IS GIVEN FIRST- 

COURSE 0^ liM^TORVS 

T 
I 
I 
» 

270 1^ 

\ 
I 

■1.1' 
I 



THIS Em^TION HAS INIX^^IFE*! »V CtUCHW 
HOT ItGSPOHSllU FOR 



LOADING THE HI-RES DEMO TAPE 



PROCEDURE 

1 . Pmmf up system * tu¥1% %he AC powisr switch In the back 
of the Apple II on. You should see a random matrix of 
question marks and other text characters* If you don't> 
^oniult the operator's manual for syston checMt pp©^ 

2. Hit the RESET t^y. On the left hand side of the screen 
you should see an asterisk and a flashing cursor next to 
it below the text rnatrix, 

3. Insert the HI -RES demo tape into the cassette and rewind 
it. Check Volume {59-79%) and Tone (8p-lp9«) settings. 

4v Type in "C00.FFFR" on the Apple II keyboard* This is the 
address range of the high resolution machine language sub- 
program. It extends from $C00 to $FFF, The R tells the 
computer to read in the data. Do not depress the "l^TURN" 
key yet. 

5. Start the tape recorder in playback mode and depress the 
"RETURN" key. The flashing cursor disappears, 

6. A beep will sound after the program has been read in. 

STOP the tape recorder. Do not rewind the program tape yet, 

7* Hold down the "CTRL" key, depress and release the B key, 
then depress the "RETURN" key and release the "CTRL'^ key, 
You shoiiT^S see a right facing arrow and a flashing cursor. 
The command places the Apple into BASIC Initializing 
the memory pointers. 

8* Type in "LOAD", restart the tape recorder in playback mode 
and hit the "RETURN" key. The flashing cursor disappears. 
This beglni Wm loading of the BASIC siM&^j&ri^ram of the 
HI-RES demo tape* 

9. A b^p will sound to indicate the program is being loaded. 
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10. A second beep will sound » and the right facing arrow 
will reappear with the flashing cursor. STOP the 
tape recorder. Rewind the tape. 

11. Type in "HIMEM:8192" and hit the "RETURN" key. This 
sets up memory for high resolution graphics, 

12. Type in "RUN" and hit the "RETURN" key. The screen 
should clear and momentarily a HI*RES demo menu table 
should appear. The loading sequence Is now completed. 



SUMMARy OF HI-RES DCHO TAPE LOADING 



!• RESET 

2. Type in C00.FFFR 

3* Start tape recorder, hit RETUIWI 

4. Asterick or flashing cursor ret|»pear 

(CTRL B) into BASIC 

5. Type in "LOAD", hit RETURN 

6. BASIC prompt (7) and flashing cursor 
reappear. Type in '*HIHEN:8192", hit 
RETURN 

7. Type fn "RUN% hit RETURN 

B. STOP tape recorder* rewind tape. 
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APPLE II INTEGER BASIC 



I. BASIC Commands 
a. BASIC operators 

3. BASIC? Fufiqtioas 

4. BASIC Statements 

5. Speefal Control and Editing 

6. Table A — ©raphics Colors 

7. Special Controls and Features 
B. BASIC Error Messages 

9. Simplified Memory Map 

10, Data Read/Save Subroutines 

II. Simple Tone Subroutines 

12. High Resolution Graphics 

13. Additional BASIC Program Examples 



BASIC COMMANDS 



Commands are executed iimiediately; they do not require line numbers-Most Stat^nentS 
(see Basic Staf^mints Si^tlM) iviay also be used as commands. Remember to pi^ss 
Return key after each conmand so that Apple knows that you have finished that 
line. Multiple commands (as opposed to statements) on same line separated by 
a " : " are NOT allowed. 



COWHAND NAME 
Pino mm 



AU TO nml^ mm2 
CIR 

m 

DEL mmi 

DEL numlf num2 

DSP vox* 



GOTO e^pJ* 



LIST 

LIST nwnl 

LIST mml^ nm^ 



Sets automatic line numbering mode. Starts at line 
mmhernwn and increments line numbers by 10. To 
exit itUTO mode* type « ©ia^fl^l X** then t^e the 
Tetters ''HAN" and press the returri key. 

numher ntffaS* 

ttmt^ o^v^Biit iHlC variables; yndimensions trrii^* 
Progreun is ynchanged* 

€0ntiiiues prepram ^(^yti^^n af ^ a stop from a 
control C*. boes net change variables. 

Deletes line numbern^l* 

Deletes program from line numbemumi through line 
numtor ^mtS. 

Sets debug mode that will display variable l^^zj^ every- 
time that it is changed along with the line number 
that camred the change. (NOTE: RUN command clears 
DSP modes t© that DSP command is effective only if 
pi'o^rant is continued by a CON oriSTO command.) 

Sets highest memory location for use by BASIC at 
location specified by expr#ssimi^ep*1n decimal , 
HIMEH; may not be increased without destroying program. 
HIMEM: is automatically set at maximum RAM memory when 

BASIC is enterrerf ^ a centml B*; 

Causes Immediate jump to line number specified by 
expression expr. 

Sets mixed color graphics display mode. Clears screen 
to black. Resets scrolling window. Displays 40x40 
squares in IS colors on topf of screen and 4 lines of text 
at bottom. 

Lists entire program on screen- 
Lists program line number niml. 
Lists program line numbernfemi through line number 
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Reads (Loads) a BASIC program from cassette tap^v 
Start tape recorder before hitting return key. Two 
beeps and a ">" Indicate a good load. "ERR" or "MEM" 
FULL ERR" message indicates a bad tape dr poor recorda 
performance. 

Similar to HIMEM: except sets lowesli m@fM»ry Toeatfi^n 
available to BASIC, AutomatTcally set at 2948 when 
BASIC is entered with a control B*. Moving LOMEM: 
destmyis etili^ifftt vif^labtd vtliiet. 

Clears AUTO line numbering mode to all manual line 
numbeiflnf after a control C* or wntrol X*. 

Clears (Scratches] current BASIC program. 

€tear$ DSP mode for varlabi 

Clears TRACE mode. 

Clears variables to zero, undimensions all arrays and 
executes prograsn starting at lowest statement 1 tne 
number. 

Clears vaHables ind lexecutes progfam starting at Tine 
liiimbet^ specified by expi^esslcm 

Stores (^aves) a BASIC prpgr^ on a eeis^stite l^pe. 
Start tape recorder in record mode prior to hitting 
return key. 

Sets all text mode. Screen is formated to display 
alpha-numeric characters on 24 lines of 40 characters 
each. TEXT resets scrolling wirtdow to maximum. 

Sets debug mode that displays line na-nber of each 
statement as It Is executed. 



Control characters as Is6nt*^l X control C are 
typed by holding down the CTRL key while typing the 
specified letter. This is similiar to how one holds 
4mm shift key te type ea|Hta1 letters, eontrol 
^htratters are NOT displayed on the screen but are 
aigce|ited by the computer. For example, type several 
con#il 6' Ke will also use a superscript C to indica 
e control character as in X^. 
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BftSIC Operators 



$yna>o1 SanaTe Statement 
Prefix Operators 
{ ) 10 X= 4*(5 + X) 

+ 29 X* 1+4*5 

39 ALPHA = 
-(BETA +2) 

NOT 40 IF A NOT B THEN 



Explanation 

Expressions within parenthesis ( ) 
are always evaluated first. 

Optional; +1 times following expression. 

Negation of following ejcpressiqn. 



Logical Negation of following expression^ 
if expression is true (oon-zero)» 1 
if expression is false (zero). 



ArttNnetlc Operators 



I 

HOO 



1)9 LET TO«««6*I^ 



8J0 PRINT GAMMA/S 

9JE) X = 12 MOD 7 
Ip^ X = X M0D(Y+2) 

p * L + 6 

130 HEIGHT=15 

140 LET SIZE=7*5 

150 At8) = 2 

ISS = "PLEASE' 



Exponentiate as in X. NOTE: + Is 
shifted letter N. 

Multiplication. NOTE: Implied multi- 
plicatiort such as (2 + 3)(4) is not 
allowed thus N2 in example is a variable 
not N * 2. 

Divide 

Modulo: Remainder after division of 
first expression by second expression. 

Add 

5ub5tract 



Assignment operator; assigns a value to 
a variable. LET Is optional 
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Relational and Logical Operators 

The numeric values us^ In logical evaluation are "tmie" If non-zero* 
"false" if zero. 



Symbol 



Sample Statement 



Explanation 



169 IF D * E 
THEN 



Expression "equals" expression. 



# or < > 
# 



AND 
OR 



179 ir ASd.lJ- 

"V THEN 500 

189 IF ALPHA fX*Y 
THEN Sm 

199 IF A$ # "NO" 
THEN 509 



299 IF A>B 
THEN 60 TO 50 

219 IF A+l<B-5 
THEN T00 

220 IF A>«S 
THEN 10V 

235! IF A+l<=B-6 

THEN 209 

240 IF A>B AND 

C<^D THEN 200 

250 IF ALPHA OR 
BETA+1 THEN 200 



String variable "equal il' string varlabli 



E;q)re$s1on "does not equal" expression. 



String variable "does not equal" string 
variable. NOTE: If strings are not 
the same length, they are considered 
un*equal. < > not allowed with strings 

Expression "is greater than" expressio* 



Expression "is less than" expression. 



Expression "is greater than or equal to 
expression. 

Expression "is less than or equal to' 

expression. 

Expression 1 "and" expression 2 must 
both be "true" for statements to be tru 

If either expression 1 or expression 2 
is "true", statanent is "true". 
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functions return a numeric result- They may be used as expression^ d** as pMH 
of expressions. PRINT is used for examples only, other statements may 
be used. Expressions ^ollowi no function name must be enclosed between two 
parenthesis siqns. 

FUNCTitw mm 

f^BS(&3ffpr) 300 PRINT ABS(X) Sives absolute valui 0f the txpmtl&neapr. 

f^&C<6tp$} Sicy PRINT ASC("'BACK") Gives decimal ASCII value of designated 
320 PRINT A5C(BS} string variable st7*$ . If more than one 
330 PRINT ASC(B$(4,4)) character is in designated string or 
335 PRINT ASC(B$(Y)) sub-string, it gives decimal ASCII 

value of first character- 



tEN (^^^^) m PRINT LEfi(B$) 



PDL f^JCprJ 35(} print PDL{X) 



PEEK fexprj 360 PRINT PEEK{X) 



RND (^^^^ 370 PRINT RND(X) 



Gives current length of designated 
string variable etr^;i.e., number Of 
&hiar^Qters« 

Gfves number between and 255 corres- 
ponding to paddle position on game paddle 
numbpi^ designated by expression expJ? and n^ust 
be legal paddle (0a»2.or 3) or tlse ISI is 
returned. 

Gives the decimal value of number stored 
of decimal m^ory location specified by 
expression expr. For MEMORY locations 
abov6 32676, use negattvfe w^ri i*t., 
HEX location FFF^ is -16 

Gives random number between and 
(expression -1) i^^ expression .\rpi» 

is posltivei if roinus, it giv^s random 
number between (J and (expression «»F^ ■''l)- 



SmM&xprl, 380 PRINT SCRM (XI, ¥1) Gives color {number between & and 15) of 
exprB} screen at horizontal location designated 

by expression . and vertical 

location designated by expression eaipv2 
Range of expression exprl is to 39, Range 
of expression expv2 is to 39 if in standard 
mixed colorgraphics display mode as set by 
GR command or p to 47 If in all color mode 
set by POKE -163E)6* ^: PORE - 16392,9- 



SGN (expr) 39p PRINT SGN(X) 



Gives siqn (not sine) of expression ea^ 
i.e., -1 if expression e^pr is negative.zero 11 
lero and ife^ is positive- 
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BASIC STATEMENTS 



Each BASIC statement must have a line number between jj and 32767. Variable 
names must start with an alpha character and may be any number of alpha- 
m«Ber1c characters up to Ip^. Variable names may not contain buried any 
of the followtng words: AND, AT, MOD, OR, STEP, or TF1EN. Variable names may 
'*SL'^®^i"#5^Hf letters END, LET. or REM. String variables names must end 
wm4$ (dollar sign). Multiple statements may appear under the same line nui* 
if separated by a : (colon) as long as the total number of characters In tlie lii 
(including spaces) is less than approximately 150 characters 
Most stataneiits may also be used as commands- BASIC statements are executed 
by RUN or SOTO commnds. 



NAME 

CALL Bsapr 10 CALL- 936 



COLOR* tfa$tf* 30 ajLOR'12 



DIM mi^l f^^l) 50 DIM A(20),B(10) 
Btpf riia^; 60 DIM BS;(30) 
(wa^^i 70 DIM C iX) 

nieqal: 

80 DIM km) 

85 DIM C(1000) 



90 OSP AX: OSP L 
nieqal: 
100 DSP AX.B 
102 OSP ABS 

104 DSP A{5) 
Legal : 

105 A»A(5): DSP A 



Causes execution of a machine level 
language subroutine at decimal memory 
location specified by expression cxpv 
Locations above 32767 are specified usin 
negative numbers^ i.e., location in 
example 10 is hexideclmal number $FC53 

Ifi stanrf:ird resolution color (GR) 
fraphics TOde, this conriand sets screen 
TV color to value in expression expr 
in the range to 15 as describe <n 
Table A. Actually express ion ^xpT* may be 
in the range Sf to 255 without error mes& 
since it is implemented as if ft were 
expression MOD 16» 

The DIM statement causes APPLE II to 
reserve memory for the specified variabl 
For number arrays APPLE reserves 
approximately 2 times ^aft^bytet of memoi 

limited by available memory. For strim 

arrays -str^ (r^xpr) must be in the ranqe 
1 to 255. Last defined variable may be 
redimensioned at any time; thus, example 
In line Is illegal but 85 Is alloned. 

Sets debug mode that OSP variable tsor eat 
time it changes and the line nun^r where 
change cccured. 
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NAME 



EXAMPLE 



DESCRIPTION 



END 



FOR 



w<ir= 



110 FOR L=0 to 39 



H^.'J T0aspr2 120 FOR X=¥l TO Y3 
13^ FOR I»39 TO 1 



15j9 GOSUB 100 *J2 



60SU8: 

lAfi GOSUB m 



1613 GOTO Zm 

170 GOTO ALPHA+X0fl 



Stops program execution* Sends carriage 
return and "> " BASIC prompt) to screen* 

Begins FOR... NEXT loop, initializes 
variable to value of expression exprJ 
then incrGments it by amount 1n expression 
exprseach time the corresppnding "NEXT" 
statement is encountered, uitHI value of 
expression e^i^^is reached. If STEP ".^ 
is omitted, a STEP of +1 is assumed. Negative 
numbers are allowed. 

Causes branch to BASIC subroutine starting 
at legal line number specified by expression 
&^py Subroutirfes my be nested MP to 
16 levels. 

Causes immediate jump to leqal line 
number specified by expression esepr* 



m 



180 GR 

190 GR: POKE -16302. ^» 



Sets mixed standard resolution color 
graphics mode. Initializes COLOR = 
(Black) for top 40x40 of screen and sets 
scrolling window to Tines 21 through 24 
by 40 characters for four lines of text 
at bottom of screen. Example 190 sets 
all color mode (40x48 field) with no text 
at bottom of screen. 



Note; 



200 HLIN 0,39 AT 20 In standard resolution color graphics modeg 

210 HLIN Z,I+6 AT I this command draws a horizontal line of 3 

predefined color (set by C0LOR=) starting 

at horizontal position defined by expression 

e^rl arid ending at position escprz at 
vertical position defined by expression 
00pp2 .expr? andej5?r2 must be in the ranqe 
iSif to 39 and axprl < = expr2 • exppS 
be in the range qf to 39 (or to 47 if not 
in mixed mode)* 

HLIN 0. 19 AT is a horizontal line at the top of the screen 
extending from left corner to center of screen and HLIN 20,39 AT 
39 is a hort^ontal t lite at the bottaw of $fi|l mtmi mmnmn$ frm 
center to right corner* 



24 



IS^mipresaion 220 IF A> B THEN 
THt^ statement PRINT A 

230 IF X=0 THEN C»l 
240 IF A#10 THEN 

GOSUB 200 
250 IF AS(ia)# T 
THEN 100 

Illegal: 

260 IF L> 5 THEN 50: 
ELSE 60 

Legal : 

270 IF L> 5 THEN S0 
GO TO 60 



INPUT mrl. 
m3?2, Btr$ 



280 INPUT X.Y,Z(3) 
Z90 INPUT "«fr% 
DLLR 

100 INPUT "Y or N?", A$ 



IHiflagap 310 IN# 6 

320 IN^ Y+2 
330 INI 



LCT 



340 LET X»5 



LIST nuwi, 350 IF X>6 THEN 



tm m 



NEXT varU 360 NEXT I 
vco'B 370 NEXT J,K 



If es^pesiHcn is true (non-zero) then 
execute M^^stimmi^ if false do not 
execute atatmmti If statement 
Is an expression* then a GOTO esfr 
type of statement Is assumed to be Implied, 
The 'USE'* in example 260 is illegal but 
md^ be implemented as shown in example 270, 



Enters data into memory from I/O 
device. If number input is expected, 
APPLE wn output "?"; If string Inout Is 
expected no will be outputed. r^ultiple 
numeric Inputs to same statement may be 
separated by a conma or a carriage return. 
String inputs must be separated by a 
carriage return only. One pair of " " may 
be used itifinediately after INPUT to output 
prompting text enclosed within the potation 
marks to the screen. 

Transfers source of data for subsequent 
IMPUT statements to peripheral I/O slot 
(1-7) as specified as by expression 
Slot is not addressable from BASIC. 

(Example 330) is used to return data 
source fnm |>MHpheHa1 I/O to M^board 
connector* 

Assfgnnwit eperator* '^LET" f s optional 
Causes program from line number nmi 

tlif^tp line fmimwt0 to he displayed 

on screen « 

Incriments cormpofndint ^iPOR" variable 
and loops back to statement following 
"FOR" until variable exceeds limit. 



WO DSP m HO DSP I 
NO TRACE 390 NO TRACE 



Tums-off DSP debug mode fm^ virliferle 
Tums-off TRACE debug mode 
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PLOT 15, 2S 
PLT XV .YV 



420 POKE 20, 40 
430 POKE 7*256», 
XM0D255 



In standard resolution color 
graphics, %hU eflinmand plots a small 
square t)f a prerfe'lriTied color (set 
by COLOR=) at horizontal location 
specified by expression e^cg^l in 
range to 39 and verttef l05£^tfw 
specified by expression ^^xp^^S in range 
to 39 (or |l to 47 if in all graphics 
mode) NOTE: ?LbT # f S Tl^ft 
and PLOT 39, 39 (or 4?) ts^ 

lower right corner* 

StcMfBS diigfiril number defined by 
expression expr2 in range of 
255 at decimal memory location 
specified by expression ea:ppl 
Locations above 32767 are specified 
by negative numbers. 



Am mp 



450 PRINT LI 

460 PRINT LI, X2 

470 PRINT "AMT=";DX 

480 PRINT A$iB$; 

490 PRINT 

492 PRINT "HELLO" 

494 PRINT m. 



"POPS" nested, GOSUB return stack 
address by ofife. 

Outputs d^ta specified by variable 
var or string variable eti-^ starting 
at current cursor location. If there 
is not trailing %" or (Ex 450) 
a carriage returff wtll hm geneif^tei^. 

Commas (Ex. 460) outputs data in 5 
left justified columns. Semi-colon 
(Ex. 470) inhibits print of any spaces. 

Text imbedded in " " will be printetl 
and may appeiir iByUi^ 



iff ess^T 



Lite lif, trinsferi itpyt til I/C 
slot defiled tj eipressioi qir PRf 

j is video oytput not I/O slot H 



m 510 REH REii h ril. Ill chifite ifti i 

— are treated as a fmfl Ufitll teffflffiated 

1:^ a mT\m return. 

RIXp^ ftETURN Causes branch to statement fQllowint 

""""^ IFX= 5 THEN last GOSUB; i.e., RETURN ends a 

RETURN subroutine. Do not confuse "RETURJM" 



TRACE 



AT eaJprS 



530 TAB 24 
540 TAB 1+24 



$0 imi GALiH^ 



570 TRACE 
580 IFN> 32000 
THEN TRACE 

590 VLIN 0, 39AT15 
600 VLIN Z,Z+6ATY 



610 VTAB 18 



Moves cursor to absolute horizontal 
position specified by expression 
expr In the ran|ie %f 1 P^ltM 

Scfe all teg# iino4(5v to^s 
scrolling window to 24 lines by 40 
characters. Exwple 560 also clears 
screen "^fife; itfr^^ S@ f0% 

Sets debug mqd0 llirt^ displays eaci 
lifie nwfflfc^ m- it 



Similar to HLIN except draws vertical 
line starting at ectrprl and ending at 

Similar to TAB, Moves cursor to 
ibsolutB pi^ltion specified 

by expression in the range 1 to 
24. VTAB 1 is top line on screen; 



»m mnmi m mrm mmmm 



%mtmy\ characters are indicated, by a super-scripted "C* such as fi 
'Brre^tSW'fmd by holding down^ttf^ 'OTL key while typing the specif irf itfltrT 
Control characters are TOT displayed on the TV screen, B and C must be 
follciv^id fciy 4 carriage retyrri- §:Creen editing characters are indicated by § 
W^^^^f^ted""E*' stjcli is B^^ ' 'TWy are obtciined by pressing and releasing t)ie 
ESC key then typing specified letter. Edit characters send information only 
tQ iXwl^y ^cr^m mi dpeis gat; .L5i^liri .ii^to te ritmar^^. For example.,^ u.^ mMm. to 
rlghfcM^^^lfa i^lKfe%iif»r % right 



^Control B 



Control C 



Control G 
^M^:dil H 



IK 



W ACTION 



Immediately interrupts pT"Qflr^ni ej(^cutipn and resets 
toiput^r, 'AVs^o sets atl' 'liiff'^Sil^ Wfm ##tjninf window 
at naximum. Control is transfered to System Monitor and 
Ap^gle prompts with a (asterisk) apd a bell- Hittins 




ff in SKtem MOTff» ilm fWdtcated by a a contreil 

B and a carriage return will transfer control to BASIC, 
^ratching^JJojlin^i ai^ej^lsMqt^ gymrMj M .^.et 
.raiEM; ; ^ttf««te» MiMlfe IM^W^^ MHC^te 

Tf in BASIC, htlts fmqrm and displap Tf Wi^ Wfflfeif 
where stop occurred** Program may be continued witfi a 
CON cqrpinri. If in System Monitor^ (as indicated by 
cofitrat m eirralge return will ©nter BASIC w-UhgiiH; 
tetT1:.te| «ri?M*: |3^mS^ 

strands bell {beeps fpg^f^rr} 

i^g^tpce^ <;Mr^;Or^ ^n^. ^fl^tes any overwritten charaqt^r^ 

c^nnput^V" mf ftW mW#cireen, Apply supplied 
keyboards have special key on right side of keyboard 
that .proyld:e.s this fynctians withqwt wslng cpntrpj button. 



Issues line feed onl^ 



Compliment to H . Forward spaces cursor and copies over 

written characters.. Apple k^bc^rd^ have ^'^'^ k]^^ ftti 
rtght side which also perforirs this function, 

iTOiediateljf delates, curraoi Jlrvfi.,, 



If BASIC program is expecting keyboard input, yoii 
^rri^e r^jMrn cor^trgl 



CHARACTER 



DESCRIPTION OF ACTION 



liti fif^ t©^ #*4 af lite 



It^f M fNw EifT^f* t& ' pass 



?§lmr teiK % end 



I 



Special Controls and Features 
Hei BASIC Example 



Display Mode Controls 



ciaso 



C052 
CI853 



C055 

C057 



10 

m 

30 
40 



POKE -16304,0 
POKE -16303^0 
POKE -16302,0 
POKE -16301,0 



POKE -16299,0 
P0KE -1&2iS,0 
POKE -16297,0 



Set color graphics mode 
Set ta^t moda 
Cttir mixed graphics 
Set mixed graphics (4 lines text) 
Clear dis^li^ Page E {MMIC cq 

tiii Page 1 wily) 
Set display to Page 2 (alternate) 
Clear HIRES graphics mode 
Sm HIMEM WW ' 



TEXT Mode Controls 



0021 



0022 



002 



0032 



FC58 



lii POKE 33,W1 



u§ roil 1 



120 mm 3isii 



140 POKE 36, CH 
150 TM(CH+1) 



T60 CV=PEEK(37) 

180 VTAB(CV+1) 

190 POKE 50,127 
200 POKE 50,255 

210 CALL -936 



left side of scrolling wi 
to Tocatioit specifiid by LI in 
range of to 39. 

Set window width te trwOTt ipiiilfifd 
byWh Ll+W1<40. W1>0 



im line sp^tfied 



Tl in range of to 23 



11^ ip^f f f M 
Bl in the range of to 23. B1>T1 



■^ilf fif#f hiffrf^dttil ptition 
in the range of to 39. If using 
TABi^ you mwit add "1" to cusor piitior 
rtad ¥tlue; Em. 140 and 150 perform 
identical function. 



liar to above. Read/set cusor 

mWrnl piiitiift in the range to 

23. 

Set inverse flag if 127 (Ex. 190) 
Set normal flag if 2i 





Home cusor, clear screen 



FC42 



£20 CALL 



(Fe) Cliif frm mmm to myi tf pp 



Hex 


BASIC Example 


few 


230 GALL rSm 


ftm. 


mfi mil 


FC70 


250 CALL -912 








360 X=PEEK(-16336) 






Gflf 


lit iHmmmm. 


mnt 


410 X=PEEK(-162SS3 




' 4£0 PQKE -16296 J 


C05A 


440 POKE -16294,0 


' C05B 


450 POKE -16293,0 






WW 






480 PpKE -162 90 J 




^1 --TP»»i 



Clmr frm mmm" wtiA of lim 
fa^ L^rtt ' 

Scroll up text one line 



Read keybc^M^ 
pressed,. 



Clear keyboard strotee 
reading keyboard. 



Read POL(0) push button swtttti^ If 
X>127 then switch Is "on". 

Clear Garrie 1/Q ANJS output ' 

61e«tr fame I/O Ml output 
Set Game I/O AJ^l output 

Sifrt i^e I /O S^ll Output 
Clear Game I/O AN3 output 



APPLE II BASIC ERROR MESSAGES 



^ mam E RR? 

^ m 
^* ^ mm m 

3AD RETURE^ ^ 



*** NO END ERR 

TO uii m 



A Wlui entered or qaleulat^^ isfts T#j^ tte 



range (? fii 



Rfis^ltS' froiti an attenpt to branch to a nm-^ 
ext$tafit 1 im rtM^^ 

Resul ts frm ittempt to e^ce^^'fe^ m^:- iOTSfe 
than previCHuifSF IJEllfe^ 

Results frm m^^Mm0. fa mmmtM^ w teiT staM^ 
ment for which t fttm Mt IS t^ft'^^itillitl 
FOR statement, 

^e^tfl^g W0 If WWS^. 

feulls fttym Ifew Tf res^^l F^er; loops. 

The last statement executed was not an END^ 

The memory needed for the ^^^^^Mi 
the raiei^ory sue allottee!* 

Results from more than 12 nested parentheaef UF 
more than 128 characters in input line. 

Results from an attempt to DIMension a string 
array whlcti has been previoysly 4jOT?ipn?df: 



*** RANGE ERR 



An array was larger than the DIMensioned 
value or snsiner than 1 or HLIN.VLIN, 
PLOT, TAB, or VTA8 arquments are out of 
range. 



im STtlNG ERR 



The wnte'-^rf .ite^i^te^ atiiff lapt In 



Results from art flpsp^liE^ 
sirfng op#|tie|* 



fteiults fMffi flfepf cm hSWg is^i in response 
to an INPUT statement- This message fll^f T^ft^ 
that the illegal item be retypeil- 



m9 



0000 




56K 




Monitor and BASIC Routines In ROM 



Future enhtncement or 



52K 
48K 



-i XX • Uie*' s|itcfff €«l BMi m«im s!^ 




User Workspace 



(LOMEM:) 
lit 



IK 
9 




Internal Workspace 



INTRODUGTISM: 
fifiif^ #fe purpose. 

ftM^Ss arKi the Data Wt Vw^Mm. Mm^mM§^T^^ ^ 



VARIABLE NAME - up to 100 characters 
f^gjfiri^^erJtee^ in memory as ASCII equi- 
yaTi&ft W the high order bit set^ 

DSP (DISPLAY) BYTE - set to 01 when 
DSP set in BASIC initiates a process 
this variable with the 

ftfi rniWfyir^ ^ tt is ctupd 
within a program. 

NVA (NEXT VARIABLE ADDRESS) - twQ . 
bytes (first low order, the secofti 
high order) Indicting tht mmry- 

DATA - hexadecimal equivalent of 
fruraeric information, represented 

tnpr$ of tiyteJoworder byte 



string variables are formatted a bit differently than numeric ones* 
Ttitsf ^riables have ore extra attribute - a string terminator which desig* 
mtm llie end of a string^ A string variable is formatted as follows: 

VH BiP HU DATA(g) PATAil),.,. DATA(n) ST 

1 tn hg h^^^ 



VARIABLE NAME - up to W characters 
represented in memory as ASCII equi- 
valents with the high order bit $e«i 

DSP (DISPLAY) BYTE - set to pl when 
DSP set in BASICt initiates a process 
that displays this variable with the 
line number every time it Is changed 
wt^^ 1 p^ram. 

NVA (NEXT VARIABLE ADDRESS) - two 
bytes (first low order, the second 
high order) indicating the memory 
lotion ©f Ute wHilfl*- 

DATA - ASCII equWeirtt liltji htgh 

order bit set. 

STRING TERMINATOR (ST) - none high 
order bit set character indicating 
Ef© of strinfig. 

There are two parts of any BftSIC program represented fti memory. One is 
the location of the variables used for the program, and the other lj| 
BASIC program statements. As it turns out, the mapping of ttieiM^lMfn memory 
is a straightforward process. Program stateiMsnts are placed ^irt* memory starting 
at the top of RAM memory* unless manually shifted by the "HIHEM-^:" connumdiji and 
are pushed down as each new (numerically larger) line numbered sta'fettiE^it *tS 
entered into the system. Figure la illustrates this process diagramatlcally. 
Variables on the other hand are mapped Into memory starting at the lowest posi^^ 
of RAM memory - hex $800 (2048) unless manually shifted by the'lplffiH-* ^Biiinfflind* 
They are laid down from there (see Figure lb) and continue Utttfl alt the varlahtes 
have been mapped into memory or until they collide with the program statemenftife* 
In the event of the latter case a menrary full error will be generated 



♦Top of RAM memory Is a function of the amount of memory* 
lfi3S4 will im the value of "HIMEM;" for a 16K system. 



The computer keeps "sf titm mmlk lippipt 
table and program statefoents. By placing the end rnenfety Idqatioii of ifi^ 
$CC-CD(204-205) and jP-GB(^-2?l4) , re5|ffiGt1vfti^, Th#e ar t Ih? BAIft 
memory program pcnit^m m%Mm tmi tee femd \M§ the 

in Figure CM deflneil in Figure 1 as the location of f fi Of the variable 
tape is equal I0 1$m WlftP* msAilttng ttm ttf^t&(^M 0^ W^-: ^ 

program pointerp il W^^W^ 
statements (Ficpins 2) wm l^km N # 
limits of the piiggrm ii^ friable table, 




FINDING THE VARIABLE Wm Mi IBIC 

Firsts pamr up the /^ple II > ireset it, and use the CTRL B 
©SSiitd to place the system into BJSIC inHMlitin^ the memory pointers, Usir^ 
the statemeTr^ ftm Flpref 2 It 1$ found that for a 16K Apple II is equal to 
2jM8 and PP ^apl to 16384. These also happen to be the values of LOMEU mi 
HlftH: But Jill Is expected because upon using the a*^ cMnarrd imik m^ry 
pointers arft fiteiitlized %*aipadng no prognp ^jmrn^ lart Rio 

we want M^tQh fte mirffe variable A ll^ 1s the ASCII equiWlWl ^ a rftti 
the high bit $etj the value erf -di |^ t« imli md Iten 
rm»m cbnt^fe. ^life^ if pre^e^ are «(ii(in^1iTOiJ ^ifjt^ 1^ple A 
li ^ff lied w equal to -1 (step 1)* Then for convenience another vartlWi ^ » - 
ts defined as equal to (step 2). ^t iitm vartibfe feafclm h?^ )mm ieflii^ 
use Qf s^l^i^^f ^ f rffcpibi^ ttad ^ i:s UMIS lit 

mef??^!^ fri 20# {$800 hfex) m W ($8pl|. 
the Apple II into the monitor mode (step 4). 

We are now ready to examine the memory contents of the variable table • 
Since the variable table resides from $800 hex to $80C hex typing in "800. 80C" 
and then depressing the "RETURN" key (step 5) will list the memory contents of 
this range. Figure 3 lists the contents with each memory location labelled. 
Examining these contents we see that CI 1s equal to the variable name and is the 
memory equivalent of "A" and that FF FF is the equivalent of -1. From this, since 
the variable name Is at the beginning of the table and the data is at the end, the 
tibte repims^ntatlpn of A exteni^ from $900 to $805, We have thei found 
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the memory range of where the variable A is mapped into memory. The reason for 
this will become clear in the next section. 

READ/SAVE ROUTINE 

The READ/SAVE subroutine has three parts. The first section (lines 0-10) 
defines variable A and transfers control to the main program. Lines 26 through 
26 represents the Write data to tape routine and lines 30-38 represent the Read 
data from tape subroutine. Both READ and SAVE routines are executable by the 
BASIC "GOSUB X" (where X is 20 for write and 30 is for read) comnand. And as 
listed these routines can be directly incorporated into almost any BASIC program 
for read and saving a variable table. The limitation of these routines is that 
the whole part of a variable table is processed so it is necessary to maintain 
exactly the dimension statjements for the variables used. 

Thfe (^sMd Hits ijBteirHM de#ftied m fuUi^^ 

A = record length, must be the first variable defined 

CM^ the value obtained from statement a of figure 2 

is equal to the value of "LOHEM;" 
Nominally 2()F4f 

SAVING A DATA TABLE 

The first step in a hard copy routine is to place the desired data onto 
tape- This is accomplished by determining the length of the variable table and 
setting A equal to it. Next within the main program when it is time to write the 
data a GOSUB20 statement will execute the write to tape process. Record length, 
variable A, is written to tape first (line 22) followed by the desired data 
(line 24). When this process is completed control is returned to the main program 

READING A DATA TABLE 

The second step is to read the data from tape* When It is time a GOSU830 
statement will initiate the read process. First, the record length is read in 
and checked to see if enough memory is available (line 32-34). If exactly the 
same dimension statements are used it is almost guaranteed that there will be 
enough memory available. After this the variable table is read in (line 34) and 
control is then returned to the main program (line 36), If not enough memory 
is available then error is generated and control is returned to the main pro- 
grep (line 38) 



EXAMPLE OF READ/SAVE USAGE 

The Read/Save routines may be incorporated directly into a main program. 
To illustrate this a test program is listed in example 2. Tht* program diraensiores 
a variable array of twenty by one, fills the array with numbers, writes the data 
table to tape, and then reads the data from tape listing the data on the video 
display. To get a feeling for how to use these routines enter this program an<^ 
explore how the Read/Save routines work. 

pQHaUSION 

Reading and Saving data in the format of a variable table is a relatively . 
straight forward process with the Read/Save subroutine listed in figure 4* ttis 
routine will increase the flexibility of the Apple 11 by pif^^dfiii a pet^riwiiti 
record of the data generated within a program. This program can be reprocessgsl. 
The Read/Save routines are a valuable addition to any data processing program. 



LOMEN 



Unused 




Pi 



P2 



Van'abTfi 




Vif1ibl» Data 



BASIC Program 



mm mmm + peek(203)*256 * « 



8^1 802 803 



El ^ 
VAR DSP 

m 



P 08 
L H 



805 80S ^7 «08 809 80A 80B 80C 

FF FF a 10 0c 08 m 9^ 



L H 



I 



J 



L H 

am 



Figure 3 

$8(90. 8jBC rewrl^to wfth 1?^,#TlfiTg 



22 



24 



10 GOTO 1^0 

20 PRINT "REWIND TAPE THEN 
START TAPE RECORDER": 
INPUT "THEN HIT RETURN"* 
B$ 

A=CM-LM: POKE 6^,4: 
POKE 61,8: POKE 62.5: 

mm -mm -su? 

POKE 60, LM MOD tS6: 
POKE 61, LM/256: 
POKE 52, CM MOD 25^; 
POKE 63, CM/256: 
CALL ^ 

PRINT "DATA TABLE SAVED": 

PRINT "REWIND THE TAPE 
THEN START TAPE RECORDER"? 
INPUT "AND HIT RETURN", 
B$ 

POKE 6(),4: POKE 51 .8: 
POKE 62,5: POKE 63,8: 
CALL -21$ 

IF A<0 THEN 38: P=LM+A: 
IF P>HM THEN 38: CM=Pi 
POKE 6p, LM MOD 256: 
POKE 61. LM/256: POKE 62, 
CM MOD 256: POKE mmS^ 

-m 



26 

30 



32 



34 



3B 



PRINT "D«Tl IEiR W% 
RETUBN 

PRINT "***TaO MUCH HKTA 
BASE***" t RETURfJ, 



This must be the first statement in the 
program. It is initially jS|, but if data 
is to be saved, it will eqptiCI 
of "Ore data tase . 

TMs stDlsMnt moves connmand to the main 
Lines 2Q-2§ are the *rf fte «ilit to tapt 



IWttttI -^sM table ta tKpf 



Returning control to niain program. 

Um§ il-M ia« ihfe MU. vtm 



Checking the rei^^'ltefth fil for memo^ 
requirements if everythlftS 1^ &at$sf*Gilii^ 
the datg is READ in. 



NOTE: CM, LM and A must be defined within the ruain p^ym* 



variable A'^-V,^ then hit RETURN 



>PRINT PEEK (204) * 9^ 
{205) * E&fe 



computM* 



IJtfltif finable B'g, t^»en hit RETURN 

Use statement 2a to find thfc eni of 
the VARIABLE TABLE 



Hit the RESET kejf» Apple mms ioiJ 
Monitor mode. 



Type in VARIABLE TABLE 
the RETURN KEY, 



Computer responds with: 
^1!^ CI 00 m m FF FF C2 

mm mml^M^ 



Example 1 



m mQ m 

i% REH yRlTE OfiTR TO TflFE iJOUIIi^ 
22 a=CKni PQKE S8,4: POKE 61 
,8: POKE b£,5i POKE S3,8; mi 

M^^i ?K HOD £56 

5; fK^^»t^ m -w 



THE MWi PSINT ''M YSU ARE t 
Efi&V STRICT THE RECOREfEE iH RECSi 

M 

m mil -?36i PRBT ^«[M8§ II 
TR !G TRPE^ GOSL^B 88 



^t,l: P0I:E 63,Sj CBLL 
M IF R<e THEN 33rF=LMj IF f> 
m im 3B:ES=Fs POKE be.LH ilGD 



36 fSTtlRH 

33 PRINT TDO KH BftTR flflSE ** 



m m 1=1 TO £e:!i(I)=0i PftlNT 
^;^(!)s NEXT [ 

16S pRiKi 'im h\m IhPe recgroer" 

ItS PRINT ^fl M 

i7e GOSUB 3e 

m ?mj THE me m ir 



POT 



A SIMPLE TONE SUBROUTINE 



mmismm 

^^llB^:pn fm^^limM^^^ W^ts of mathematical computation 
ft its^Tl l^i^ini ^ ^100' iHlt^l^ Tnost human minds* They are fast, 
&sM mi mmHt^v nan dtr the o^r hand is slower, has emotion, and makes 
g*wrs. t&i^ #f*er!^ws o^ate problems when the two Interact vrith one 
mythBT* |te |9 ipiae? probian humanizing of the conputer Is needed. 
Hivn^ni m^nS f!WP>**at1ng within the computer procedures that aid In 
mp?0|r®ii'$ tisagfe^ One such technique Is th^ aiMition of a tone subroutine. 
W$ il^^n;^^ 1^ in^rpqmtlori and usafe of a tone subroutine within 



Tone EeneraMtti 

To generate tones 1n a computer threm 9m riBe^fysit % sft^ker. 

a circuit to drive the sp©ateif , ft Wl^ #f W^m^m ^ clfaitt. M It 
happens the Apple 11 ^Bpttiit a tm-fn^^ spea*ef teii an 

efficient speaks il^ft* iantrol of the fpeakff Is t^oiipHshea 

through sofiiiftim* 

Toggling the speaker k $ ^6iS^ a iwre PEEI^ - 16^6 

in BASIC sta^rwt liTt mmm Pll ^iWon. This does not^ however* 
produce tones, It only emits ^mimtim of tomes is the goil* so 

(tescribing frequenqy to^tfOf ft HlG^ IMi tS tcc0^|fsSfe<l 
the speaker at regular 1nttfvit1j| m I **f tfme. Figure 1 lists 

a machine language routine that i^^isfles thete requirewents^ 

Machine Language Program 

This machine language program resides in page of memory from $02 (2) 
to $14 (2(}), $(J0 (00) is used to store the relat>ve period (P) between 
toggling of the speaker and $01 (01) is used as the memory location for the 
value of relative duration (D). Both P and D can range in value from $00 (0) 
to $FF (255), After the values for frequency and duration are placed into 
memory a CALL2 statement from BASIC will activate this routine. The speaker 
is toggled with the machine language statement residing at $02 and then a 
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delay in time equal to the value in $00 occurs. This process is repeated until 
the tone has lasted a relative period of time equal tP. the duration {mim in ^} 
and then this program is exited (stat^nt $14). 

Tm i^rposfi of the naiAine language routine is to generate tones controllable 
from BASIC as the progron dictates. Figure 2 lists the appropriate staiasnant that 
will deposit the njacdiine language rmitfTte into mwwry. They are in the form of 
a saibreiitfta «nd dstn ^ aetivartad ijy i e^tfB statenteit. It is only necessary 
to «se this statement once at the beginning of a program. After that the machine 
langos^ pm^rm vrfll remain in mmey unless a later rwrt of tte main program 
modtfle* the first 20 liwalions of page 0. 

Af^ ^ GOS^ 3391^ has placed the machine language program Into menmry 
it tie 9et^va^ed hy the statement 1n Figure 3, This statement Is also in the 
form of s ^UB iHi^use It can be used repetitively In a program. Onc^ the fre- 
«ml dtn^tton h&ve been deffmi fey setting P and D equal to a Value between 
U and 255 at SKUB 25 stafcewent is used to Initiate the generation of a tone- The 
valuw of p and D are placed into md ®1 &nd the CALL2 command activates the 
ma^ite language pr^^ that toggles the speaker. After the tone has ended 
control is returned to the main program. 

The statemfflits in Figures 2 and 3 can be directly incorporated into BASIC 
programs to pmvide for the gCTerjitfOft of toRea» Qnee 9dd^ to a prograni an 
infinite variety of tone combinations can be produced. For example, tones can 
be used to prcmpt. Indicate m ^ror In entering or answering questions, and 
supplement video displays on the App^e 11 computer system. 

Since the cempttBr operates at a fastfer fatt ^an tm ^iessr, pr^sapting aw 
be used to iiictlcate when the computer expecis 4ata to be entered, Tones can be 
generated at Just about any time for i^son in a program. The programmer's 
imafination can guide the placement of tijese tones, 

Qmcmm 

The ifflaKC^pettion of fto«^ tiitrst^ tfjt fOutiwes digea^ii in this paper 
.ifll 04 ih Wm humsmifTog of m0^m- mM in the k^'tm -iiiiffAir,^ fhpf i^utines 
^ also help in tftinsfortnihg a idin piolram into a lively oiws* T^ are relatively 
m^^mma:m^m%% valuable addition to any progl^* 
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FIGURE 1. Machine Language Pjfogram 
adapted txtm a jg^T^osTsm hw Uxtn^^ 



mm m t,m: m i,48: pike 
i m 7,1! m i Ms m 

S.h POKE %m 
ms P«E 11,8: PBtt FOT 

IS^laS! POKE 14,246: POK Id 

I psE 18,2; m m m 

1 

PieUBE 3. BAgIC "PQKES" 



Mm 



FIGURE 3, GOSUB 



These jsubroutlneA wmm mmmn^md %o -mt^m. pm§:jrmmfi^m i^'^ 
l^nsuage pro^raiss, Thasfi subroutines occupy 757 bytes of memo^ 

ft profrtfttnea^ l^^^^^ie Mj^^ReseffMi^ elettv tho scr^eea 

plot ft pointy drew ft linOf or draw and ftnimate a predefined shapie* 

on. Wkm 1^itir# wtm wIMm. ^tlieir :'£i^«ir9tl;-'^^ff e 

mtktmi^^^^^^ 1^ lila^lify profiramning^ 

CALL statement^ and can pass information hy using the POKE state* 
ithout iDodifying any BASIC pointers or registers. For machine 

iven trill be M ie^inil* the hexadecimal sut^^titut^es will 
^T^ceded by * dtillax sign C$). Allrentier ?*iS^»t^ ttVim 

CM to FFF (hex). Equivalent addresses for the ROM subroutines 

ill be in iMlino i^irjp# /ktcNK. 



Blyh-Resolution Operating Stibroutisyi# 

From lASlC: GALL 3g72 for CAm 

fTon BaiAi»e JSR $q00 (or ^Slt 

This subroutine sets Hijjll- Resolution Gxrti^tti^* mwdB *ritll m 

ftlso clears the screen, 

CI^SAl plf*^* screen, 

BASIC: CALIf 3«A6 fpj* CAUL ^12274) 
t^ron machine langu^get JSR ^ClTE fipr $Sp0E) 

resetting the High-Res&lution Orm^^m^ WiS^^. 

PLOT Plots a point on the screen. 

Wwm ipachine language^ JSR |C7e (m^ ^00. 

X and Y coodinat^s of the point axe passed in locations 80ft 
til^ wmilk Sil HA^IC* in t** X, and Y ref ist^esra friw 

•achlne language^ t «^ f#e» 



t 

Hifih'Reslotttioit Opcymtllfcg SUbg^tiiMK 



(top of acr#*»f mm tif C%ot%o« of scroen) «nd la passed In 
location BB2 or the A«r««latttr; but tho X Cfcori»oii|#l) ^oordiii»tf 
can rmiige farom | (la ft tid« of «Gr»eii) «o 279 fri^ Aid« of mmmm} 
mnd nust bo spill %ot#iiftA locations Zffi (X MOD 256) and 90% 
(VZ$6J)«px, f rm nadklAO latngiimc#p b#ttti»«itt lr«cf^t|iiht S{ ft llf} 
and y « Tkm eiiloir of tbo jwisi^ in 1m pl^^to^ mf#t hm Sfrt 

in location 812 C$S2C). Poor colors are possible: $ is BLACXg 
85 ($55) is QSMEH^ lf$ C|AA) U VIOIBT^ and 155 C^Ft) U mttB^ 

yOflt ' P«ptt4o»t e F@f^t OH tike #e;ree^« 
INmii BASIC: CALL 37«l far ilSSISS ^llS88i 
From nachine langoage: JSR $C26 fc^r ^^i? tD02$) 

This subroutine does all calculations for a PLOT^ but does 
eet i?l0t a ppinU ,C*t lenses the aex^e^ tt#<^ftiit«i}^ ISil* £i liftiimi 

.eo used in eett^ction fiitli^IWfi or SK^E (desl^rib»d tatvrl. 
To use this subroutine » set up the X end Y coordinates just the 
e sLe f^w FLOT« The colof tvmmmjiA 912 (1^6) iiF f|^etedU 

XJa^wm Ii;m on the ici^ftn^ 



LINE Draws a line on the screen* 

or POSN«od to the point specified. One •napof«l ii ^ S*«* ip»t»t 
^tOTtftd ©I PIISH»«4| tlie oth« endppint !• passed in the »*« namner 
mm f Of « *» Posai. iflw eolttv *f tli* Up* t» »** t» l«e»tl»« 
B12 After the line is drawn, the nmu endpoint ^fWM ^hm 

"base eiidp«i«f i0* ttw nc^ lla« draim. 



5HA?B Wtm»M * ^»e4«fiil*d •» ««*••»• 

Froa BASIC: CALL 3805 (pr CAtM ^TiWf 
f^m »achini> lansttaiai JSl |OBC (or JSB $D1BC} 

This *u.li*<ISl^ne draws a predefined shape on the m&imwm- 
^« poilfe^ p^-gwiimslj FL0Tt«d pO^*Bd. Ihe ahap« is de^a*d 
by a tabl»..of vmatcmt i» |How 6r«*t« m »#c1t«3r t«lkl» 

will b» described la$ar). The starting address of this table 
Should hm pfts»«^ loeatiiiit* Bt4 *ti BASJC ia^tha j 

I and X rHilsters fron Machine lansnase, llw^ «Kl«Mr fh« *h«^ 
^Attli b« R««s«d tn location 2B ($10) • 

There are two spoeinl »»rl«*lB* tli«t «*» tt»«d vnlf «li»pa*ii 
tha aealiny factor and the rotation factor. The scalini factor 
i»t«niii4t tlio *«i«t*w of* *k» «h^«. A scaUnj factor of 



Hi ph^ Resolution ^#ri3^tiJT^^ 



SHAPE fe<^1:i^^^^ 

I will cause the shape to be drawn txm while a scaliiit 

mw^- ^mB'M mM mm ^^^^ thp s-ceUn* 

lii^iyte. The rotation factor specifies one of 64 possible 

shape to be drawn ri«Ht-*ia* up, * a8%*»*J^*tw mmm^ ^ J& 

i(jytl sh^c rotated gq** <|lockwi»e, etc. The rotation 

ia^&«i .iiR: jk#A**«' .4jt iff 1*B« m *^iF'e#A^t.e*' 

from machine iansuajge. 

t^l« of j!*feijis5r« which defines the shape to he drawn i* 
a series of bytes stored in memory, tach hyte is diviltel fetfr 
'thx«e> s.ecti,0a»-„ ant e:*^;- ii«*t4(im «p.eii-i-f*«ii wh:-e.-t,hpy O-^ to. .plot 

« point *tn^ als>o: a *« Iteffifc^ ir4#iJi(4 

The SH4fE subroutine steps through the vector table byte by byte, 
and ^ftai* through efctih hyt* section by section. Wh#n it r#ft^h«!# 
a 0|l byte, it i* tini 




111! Wmm SP^ctions are arranged in a byte like this: 

_______ _ _ . 11" -4- 

l»gh hi* f*i^ »J» i|»«l«^J.*^es # dixectioji to move, ajvd the two bits 

F mpiSi^l^ -Wftifeth** mm m pta* # i^ftifea^ tMtl** 

t]^Ht the last section C^ost significant bits) dofes not have g 1^ 



Ili fii^llmsolution Operating SubrffiuttliB* 



SHAPE fiPOi*1^ift«**> 

subroutine processes the sections fifom right m l#ft fl#**t 
BigmtM%Stm% bit to most sl^ttificajit bit^. IF THE REMAINING SECTIONS 

m »tTE ARS ZERO* tnm mwi Am icjioreb, tfcust t%m i»r*« 

cannot end with sections of 0fi (move up without plotting)^ 



we^ t© aff*«f A $h^« like thlat « 



Firsts draw It on graph paper^ on© dot per square. Then decide 
lAe^e t^ m^mvt drawring tl^ ^hiip^. Le%*$ atmrt thi^ on# tn tMm «^t#t 
Next, we iMist draw a path through |(^«>4»t tn watmg 

only 9Q^ aiJilm» on the tums^ 

Next, re-draw the shape as a series of vectors, each one noving 
one ^imm iBp* Aown, l*^*., Oir right, and distingui ih the vc^tpxs that 
pi0t m poiiiS Ireto^^ savings 





How ■■trnw^nr'^ thoa^ vecters and irrlto 



It^ ir#w ft table lllee the one in Fi^gtii^e 1« Ft^^r each vec^o^r fn the 
line, figure the hit code and place it in the next available section 
In th# tahle. If Ct not fit <ix la a 9f at.th« end p£ a byta, 

then Mf that section and go on to th» H^^^ Hhtlli ^ iNiWi 



Hieh-R^solutlon Oi^##||%ing Subroutines 

coding all ir«i#«ix's, check yotsr wwrik to nftke sure it is accurate^ 
Then make anoither table (as in figure 2) an4 xc-copy the coded 

into a series 0# hexadecifliil hytes, using the h«Milt:liDal code 
table in figure 3. This series of hexadeeimal hytoi i* you? shape 
deflnltli:^ t*;hlf> wlxiftti yo«t c»n aim put intm thm l^lff II** m^e^ 
and use to draw that shape on the screen* 
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LSI 

m ?m '^ii mmn ii 

L ?m ' w [iIGri KES\lUITIGH-u 

mm ms pm 

■PROJECTED IHTU Cuf^ilEr 

PKiHT M KHHDOH ShhFE SPRING 

£5 PRLiT HI-RES tO.^-JT'^i MW 

FR:'^; ^ ^^'IKT ^-.it aHt KEi' f[tR N: 

m fmi rffi '-tm^ ? 

' ^ Eri^S ©TTOfi liiTK TYPE ^T^' 



-VDlK:T=-yj IF k8 then 
31B: GGSUB Su88i GSIu m 

m. m Hmjv-mt -m^.:m 

imj: mM^ POKE m 

,%i rml POKE BB4 J; 

rQBN 

m%: mn m 

w^tiMi mm mm- ''- 
m 

m FREy IE=Sk; INPiJT ^pE (S: 

■^^p. cllhR: poke mx 

1018 i-m)\i=mh busue m\ 
POk[ Bp,H ilDD mi mi mi 

^ cat InITl FOk[ 8i?,£53;"R4 
:S4^ F&R 1=^ TO E?^;h=\HtJ^ 

i m mmm^ m nmm 

m POKE tI:- 155; d§1 
.I^E^^i Flkl 5-ec,i; ChlL ._ih[- 



^■J. -7.^-1 len: St Ut SSa^ 

m lRll ihii:K= m <^mm 
li^ m wmm ?m 818 

aie IF ^^^D (\mm then mi if 

LIHE; GOSye 3e£0: GGiO 31^ 

m mm. mi 

FOR 3=1 10 £5: FGR 1=1 TO R: 

rm mMi:. m mi fm 
m:i^ mi poke Bee, 

E4: PDKE ml.mi CRLL LiHL: 

m mM^ fm blu m 
m^m^i mi ym 

515 IF m (5^) THlH m^M^ Ri 

m mm m 

(?) 

m r.J^L otb^K t:ij[j £5t^^ P-K 

iH)£5S! fill gge CSbt LMi 



MD'S COLOR PATTERN 



PROGRAM DESCRIPTION 

ROD'S COLOR PATTEroi 1s a simple but eloqueitt pmiT^am. It iSfunrtBS t 
continuous flm of calomel inoiile-lltoB ptterns in t 40 M# ^ 
block matHx, Mtny of the ptttem pnemtad by this pinfram are pleasinf 
to the eye and will dizzlt tte mind for minutes at a time. 

REQUIREMENTS 

4K or greater Apple II system with a color video display. 
BASIC is the programming language used, 

PROGRAM LISTING 

mm 

i^j ruR y=3 TO 51 
118 FOR 1=1 TO 19 
115 FOR J-6 TO IS 

136 PLOT 48-i(,4§-l: PLOT K,4«-I: 
PiUl 48-1,^: PLSI |,48-Ks PiSI 

md 

m. m- m mn m 



5i 



PROGRAM LISTING: PONG 



fmi Slit fir3 ft ms 

1: \'J — - ~ 

45 . - . --ilt-E SIZE 

" -G= t: 5; = ^IB 



^tr ra? i=i - -^^ 



lis ?^=rWi3' 



lEa IF T=pp+3 ira t^fe ff 
rt«t ^hbi ^=^-kh: 



ii. -i . -i-i" rj'^tft^lt,.- 



m IF H THEN 245sP<lM{ TO.f. 
iH'4)*Ee>/ii5! If P(i)=P(3 
) THEH £45; IF Pa KB ThEH 
?U)=e; IFF(l)tS>39 TBEH PC 
i)=39-S 

E48 mM=bt ^LIHP<i),F(iHSaT 

wLlHe.P(l)-i ai 39; IF HI 
KF(3) THEH vLIH P(i)>SH,39 

n\ J9iP(3)=Pu) 
E45 Pie)=u PDL (8H4)^2e)/H5 
; IF P(8)(8 THEH if 
Hi)=P«)j«8e8iHi ff 
?msm THEH P(S)=39-5 

851 LM=k m)fimb ht 

§; C0LOR=8; IF P(8)>P(E) IM 
VLIH 8,P(eH HI Hi IF Pis) 
<P(?) THEH VLIH P(8HStl,39 

HI r 



r "E. -/.:h ' FEE. i E55 COLfS^Bs IF P(8))P(2) 

. lE " ^ ^^LlM 8,P^iH BT I- P(3) 



.r n-o 



Ek=>.. ..^ 



(PC?) THEH yLIH P(«HStl,39 
BT 8jP(?m8>i RETURN 



r=.,7 

Pi. - -rC 

.i^S « It f - 5^ 

-.-1_7/ -i" jU "^M 

lib GUjUC NtAS i 

r::% ^.--.c . :." -j.-^Erl \f=F 1 

EES ^Ki- 
i2 aEua &5 
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COLOR SKETCH 



PROGRAM DESCRIPTION 

Color Sketch is a little program that transforms the Apple II Into an 
artist's easel, the screen into a sketch pad. The user as an artist 
has a 40 high by 40 wide (1600 blocks) sketching pad to fill with a 
rainbow of fifteen colors. Placement of colors is determined by 
controlling paddle inputs; oM for the horizontal and the other for 
the vertical. Colors are selti^ted by depressing a letter from A_ through 
IP on the keyboard. 

An enormous number of distinct pictures can be drawn on the sketch p%4 
and this program will provide many hours of visyiil gat^rtiinmint* 

REQUIREMENTS 

This program will fit Inta t system in the BASIC inode. 
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PROGRAM LISTING: COLOR SKETCH 



SPOKE £,173; POKE 2Mi POKE 
4,i9a POKE b.lbSrfiOKE 6.9 
: rWx 7Mi POKE 8,168; FukE 

9,1% mi mM^ mt u 
,u WE iZM'. mi m 

18 POKE 14,198: POKE 15,?4: POKE 
ib,E40; POKE 17,5: POKE iS, 
mi POKE 19,11 POKE £§,?bJ 
POKE tl^i POKE EE,8s« 

if m mmh im \ mi ~m 

I QuIO % 
m mi -?3Ai bOTO 98 
^^mmh FOR Z=l TO H; bOSuB 

45; PSIHI ilC2,Z)|J HOI h 

35 Bi^^CuLOR SKETCH^; RETURH 

48 Si^^xOPffllbHl hPPLE COriPyTER 19? 

I mm 

: mm 
55 &t=\i:y REsoiuiioH mm 

isK^iiiioMng: ms m mm 

SI KK=SU0H=£5H; GuSuB 85:Ki(=9 
iW=£5a^ bOSuB 85: RETURN 



«?0KE1J0N HOD POKE 24 
J0H/£58th POKE 8,^^ CHlL 
Zi RETORH 

SeSut GEoJE. -E5j PRLiT ; 
I PKIHT : GOSHB 38: GOSOB £5 

i ?m \ m 5: bObUB 48; bosye 

£5i PKIHI : GOSilE Mi GOSUB 

a 

I c55.js e5. ff:n^ : zm IS 

I?e ^Fl:-: I P"iHT . ?iE:"-: 7^; MOT 
V.~ rC" Z^c ~I .5. i,uL.?=^; rV. 

- r..; :;r.-ir. --,4, rr.-i-fi 

i 

^Thd EE.:-='"i'"'E r E- - 

;E;-'FEEr-:£ e^»Tii»^.f^ 

IE! Ft. M'^2.^E5: « 
--.^ I: ' -": :-. 'rE == -7 
?::-r::-i ^ = . 

I y-jF=.£; =-7 

ku- -L-.: b5. 

PLOT K J 



135 C£= SCRH(H,Y)jC3=I5j IF C£= 
15 THEN C3=5: COL0R=C3: PLOT 

141 m m 

US IF PEEK K-im>m rm im 

sRfiG=8j POKE -ib368,i: POKE 
34,28: COLUR^^^i HLIN e.39 H7 

m ?m :SI=WIHtft OS S15F^ 
: VTBf £4; £5: IHpyT 
" (C/b) %B$s IF SKlaW 
ThEN im PRINT ^ENi>-': m 

FLhG=lEC= FEE" ^-163o^:-19: 
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MASTERMIND PROGRAM 



PROGRAM DESCRIPTIQN 

MASTERMIND is a game of strategy that matches your wits against Apple's, 
The object of the game is to choose correctly which 5 colored bars have 
been secretly chosen by the computer. Eight different colors are possible 
for each bar - Red (R), Yellow (Y), Violet (V), Orange (0), White (W), and 
Black (B). A color may be used more than once. Guesses for a turn are 
made by selecting a color for each of the five hidden bars. After hitting 
the RETURN key Apple will indicate the correctness of the turn. Each white 
square to the right of your turn indicates a correctly colored and positioned 
bar- Each grey square acknowledges a correctly colored but improperly posi- 
tioned bar. No squares indicate you're way off. 

Test your still tnd ctellenge the Apple II to a game of MASTERMIND. 
REQUIREMENTS 

8K or greater Apple II computer system. 
BASIC is the programming language. 
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PRQGBAM LISTING: MASTERMIND 



a Tt.Tr . mx 



me 

% TO M SHiiE OF HHSIERBlNDi 
. . r'zl' - M-II- 

i 2 rn 1^ 5 

&B — m^r 

■1 



Cflll -394j m h PRINT 
'^lin KEY fO BtSIM riff 

|fi|£fllL -Ife IF P[EkMb384j 
(13? THEN mi FUKL -lb36S, 
8: e : PKim I FOR M TD 

m imi PRiHT I mm ' inm 

KEYS FOR COLuR CHhHSE^'; nw 

' mm KEYS m msmi m m 

EPT GUESS 



T^t .1. =^:-rJ TF.]J .ja.?= 

Ztu ri,^ 5?'ir=. Tu i .fE.- Fllf 

T. I; I" rXit, R5uriu^ 

:,T "f mt» 

.... E 

:ut.-=.5.r=. - = Tf 5; 

h If m m mi acM 

I Fit M 1 §1 1=^1 O 
:: -:::-.E- aes^. se/:: 

m 

M PRINT ; FRIHT 
v!^ 601 n PI 

^m-/ TFIES IF m^} T€^ 

ff:--' :.:Elleh"\.. if tF' 
- -.1 T^'^ T-E^ 

^SVEIii-it";: IF If:, 4^ m 
-1:^ >E F" T v£t 

4 F" ^E"..* . 

Mti; FLGI £1*11,1; FRIHT 



r?]^ FEi [RlL -584 SET] lN-.L^St VID 
RtH t,;?ti.L ^TE' ^yFni^ ^U* 

O^E'Q 'Z^ FEEK^ieSS4^ is Kll (f.SCII? 
xIF. I2T IFIN SIEGEl EE" 
kEH PakE-Ib3o& uJo ?B: S'^uiiE 
rr- — -r .E^'E :"."EEr fi«D 

TFBs ibFs:? t: epEP Lfft 
m m k£f/3-£i= n m n 

'.H^^Gb u:=:3b OR 149 RSCIb 
^a^jS FFr. ETfE "-~< 

4EEE ^Ed SThT £89 ^Ey uJJtSS 

4i3§ 5i^t: J m imi 
usm mi& mi 

mh REn ET^TS 

4icE -E~ E.b^ iEt- :r.Lr= ll-e 
^STd EjEF. £§6B min TEST 
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BIORHYTHM PROGRAM 



PROGRAM DESCRIPTION 

This program plots three Biorhythm functions: Physical (P), Emotional (E), 
ind Mental (M) or intellectual. All three functions a.re plotted in the 
color graphics display mode. 

Biorhythm theory states that aspects of the mind run in cytlffl* A brfif 
description of the three cycles follows: 

Physical 

The Physical Biorhythm takes 23 days to complete and' if m fttffW^ fftWMlter 
of the physical state of the individual. It covers physical well^Wng, basic 
bodily functions, strength, coordination, and resistant te itlMM« 

Emotional 

The Emotional Biorhythm takes 28 days to complete. It indirectly indicates 
the level of sensitivity, mental health* mood, and creativity. 

Jteifital 

The mental cycle takes 33 days to complete and indirectly indicates the level 
of alertness, logic and analytic functions of the individual, and mental recep- 

Biorhythms are thought to affect behavior. When they cross a "baseline" the 
functions change phase - become unstable - and this causes Critical De^ys. These 
days are, according to the theory, our weakest and most vulnerable times. Acci- 
dents, catching colds, and bodily harm may occur on pjiysically critical days. 
Depression, quarrels, m4 frustration are most likely on emotionally critical 
days. P^nttlf a tlowness rf ttt rfntd^ resfstiHH tt 'ftm iftetfMi mi mTmf 
thinking art likely in mentally irftiral days. 

REQUIREMENTS 

This program fits into a 4K or greater system. 
BASIC is the programming language used. 
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5 POKE Z,mi POKE 3,48: POKE 
4,i9E; rm. 5,165^ POKE 6,8 
; PSkX u^Zi SriSSt 

?m. PS II 
,11 POKE uMi POKE 13,4 
18 POKE 14,198; POKE \5,2Ai POIE 
ie,H48: POKE 17,5; POKE 18, 
rll 114^ P8KE Z%M 
rm. ti^i POKE POKE 

15 GuTtI 85 * 

£8 TT=3: GOSUe 38; RETuRH 

£5 PRINT 



^ %Miim-mi m mm 

45 =^ . . . 

^-.1 'J. '^5 ! ^kt I 



n POKE IJH re £5fei POKE 24, 

«=^^2!Si mum 

=1-: =:~"J^ 1 =~':;-jr 3 

^Kj)=m ftXT; CfiLL-&; 

uISOd- E-;. PFIHI . IBB >: 
\ Fr*: =^-rLE :i k^^ihrlnn \€) 
I TnB ID: FRIhT 



finD LZl rSi 



5- =;ep :4 



, -'-E IE' 1.. =^>r =Ei?7H 
I VThB c:-i 7nE lo; .-plra .-rFECB 

ST VJE =l?5:\-'Uir/jt; 



118 1=1: m I POKE 34,23: FOi K= 
18 Tj £8: C0l0R=3: hLIH 8,31 
fiT H^T K: Hilt 1,3 nl 
3; Hiifi 1,3 Hi 37; VLIH £,4 

iil Ej VTRE £1 
115 FOR 1=1 10 31 STEP 3: PRIHt 
in IF m THEN PRIHT V.^ 
: PRIHT " HEXT PRIHT 

" p E rs rm 24 
lee ^Re £3: PRIHT um * 

jH: FOR 1=1 TO 3: COLOR=i^( 
I=lHAH(|=2)t3=^(I=3); VUH 
8,3S fiT 33tln; vTBE £4 
m FOR K=e TO 3hP=(NH0D B^fd) 
evd): GQSye 58; PLOT 
HJj HSiiB t4i iEXT E« 
I 

m PRIHT : INPUT 'HHOTHER PLOT (V/H 
) %BI^ IF ei(i,l)='V^ THEN 



§■1 
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PROGRAM DESCRIPTION 

DRAGON MAZE is a game that will test your skill and memory, A maze is 
constructed on the video screen. You watch carefully as it is completed. 
After it is finished the maze is hidden as if the lights were turned out. 
The object of the game is to get out of the maze before the dragon eats 
you. A reddish-brown square indicates your position and a purple square 
represents the dragon's!* You move by hitting a letter on the keyboard; 
U for up, D for down, R for right, and L for left. As you advance so 
does the dragon. The scent of humans drives the dragon crazy; when he is 
enraged he breaks through walls to get at you. DRAGON MAZE is not a game 
for the weak at heart. Try it if you dare to attempt out-smarting the 
dragon* 

REQUIREMENTS 

8K or greater Apple II computer system. 
BASIC is the programrning language. 



* dgl^ tln^ may vary depending upon vlto tftail1t:0r if teltftsfM adjutftterts* 



@3 



PROGRAM LISTING: DRAGON MAZE 



1 TEXT : CBLL -936 

ID fi HRZEr 

5 FFIsT PICTdPE ^ri£H i.. li 
ur4i SEE The 25 'tPC Bi# I 

"-E-. 

r. :: h:vE. van hit 5 

KiGnT.= 
9 PRIHT 

lu "ittyrl i!l£ ^'SfiiH ~rE fE 

Tri .:f-::- 

IS fkjl "5E^S Cii-iS 

: E- - . 

k. y^?' E/ = = - ~-E "r^E. r-I 



£r. F.rnl '11, EVEN BEFORE lOU CRN S 
EE IT, Bt^ 

ai m^i Fftc: ii^aT the mm 

22 PRINT 'mm Uir 
PRIHT 

a§ mt mm 

% mm TfFl W !l KSIM ' 

m m : mM^ii 

:h5 CHLl -S3b; PRINT '^DRHGON rnlV 
II m Wi PRIHT ^GHRV J. SHBH 

S,;^ nT a eilfi l,3f fit k m 

~M i^>na)=8j SSI 
I 

■■i 

» IF vzi THEN ie%iy=n(K-13)> 



1898 §=K+D*Lty 

"Hi 
1118 0R= RHD m 
m GOTO il38tiWR 
1138 IF HOT R THEN lipiKKprnK) 

m m m mm 

im GOTO 1835 

1148 IF HOT D im mmmMu 

Ite t» 3?H,3*H-i Hi 3*(Y-i) 

im eii K 

1151 F III' L THEN' iiii*|ri.>=l 
.155 fii 3*^ 

Uli Ga?0 1855 

:-v hj7 'J ThEh 111§:H(K-13p 
U=5 rill- 81 Ms SOTO 

an K= RHD (13)tl"= ^0 

1138 Mti; GOTO 1835 

1288 bOSUB 5880; PRM ^HE HBZE IS R 

S3: f^lf, 5,39 ^iT t}; k.L- i: 

39- fii 33 
l££eX=i:Y= ^D<13)ih C0L0R=8: 



§4 



1238 W{= m (13Hi 

1348 C0LGR=8; VLIH 3i^yT-P,3^yY-l 

mm 

1268 m=m-m^m^. 
m ml 

"I — - ' '-.Eh 



.... = - -i3^(H)) m le THEN 

1 

Elk If r# f« rE4 « 

£^-t Suie 15^3 
4iii 



! -- r t-T T n ^ n n ^5 

(VW i; . C r if ! - i 



jJLw Uuiu i:bc3 

.V.h :^.I-1 ,Jtj^gT3*X 
-L-d .V'... Ortri 
-ril^ IjS_'D 



^_ :.:je 5s?;- 
-- ' . " 

^C-Jy UUsU ijnc 

■^353 GuSuB 5888 

'iocs HLih nl 3^r 

433-8 GCTC L5ba 

-iD-.b - FlEr - jt PEEK 

m fm niii 

tr.r x^Co^b 5d8^i,- GuS;^B 5aeg: GGSUE 

6838 END 



7988 IF >:)Si( IHES ?8§5; IF i>Sr THEN 
7858 

7§ei IF im itmi IF m m 
im 

7m If a*=13 THEN ?a5B: iF Km 
i3*(SH)»9 TKEH 7818; IF 
H(5:^tl3*<Sr-i:» HOD 18 IHEH 

7858 
7818 DK=i:DV=e 

7m mm 

78E3 FOR L=i ID 3:KK=gX+DK:RV=RV+ 

7e?4 COIOR=B 

7825 FOR Ml^U FOR 1=8 TO i; 

PLOT eKtK,8V^Li NEXT C0L0R= 

mi m K=e to i: for L=i to 

7836 HEKl I 

7835 S)(=S){+DK;5V=SY+DV 

7848 ToKti3¥(5V-i))=T(SftH3?i:£V- 

1)M 
7545 KET.RH 

7858 IF SY=13 THEH 7188: IF im 
i3*(SV-I))>5 THEH 7868; IF 
H(Sxti3*(SV-i))/li TEH 7188 

m IF SK:^1THEN 7156: IF kSk* 
i3*(5Y-i))>9 THEN 7118; IF 
H<SM3*(SY-1H) W 18 Im 

m 
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DRAGON MAZE cont. 



na ii=-hDv=§: 0010 m% 

tmirmmmiimm 

i^SHWSW?!* If 
7185 

888s GOSUB. (iOSlIB 5880 i uuSUB 
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APPLE II FIRMWARE 



1. System Monitor Commands 

2. Control and Editing Characters 

3. Special Controls and Features 

4. Annotated Monitor and Dis-as5embler Listing 

5. Binary Floating Point Package 
4 Sweet 16 Interpreter Listing 

7, 6502 Op Codes 



m 



System Monitor Commands 



Apple n contafrts n ira^ful wnltor for use by the i#rs«E2ed 

programmer. To enter the monitor either press RESET button on keyboard or 
CALl,-151 (Hex FF65) from Basic. Apple II will respond with an (asterisk) 
prompt cftawcter on the TV disptty. This aetlM vrtH mt kill current BASIC 
program which may be re-entered by a (control C). NOTE: "adrs" is a 
four digit hexidecimal number and "data" is a two digit hexidecimal number. 
RfOTiter to press *^«ttf5" tottoB it ttm m4 ©f each Ifm^ 



C§mmM ¥&fMt Example B^ErfpiiOT 



Mr$ -mmAttm Wfsplays) s1ngT# Wiary 

li^titlOB lirira) 

adrsl.adrs2 *1P4;if48 Examines (displays) range of memory 

from (adrsl) thru (adrs2) 

(return) * fretam) Examines (displays) next 8 memory 

locations. 

.tcfrmf Examines (displays) memory from current 

location through location (adrs2) 



Change Memory 

adrs:data *A256:EF 2D 43 

data data 

:data dati *;F0 A2 12 

data 



Deposits data into p|m©ry itirtini it 
location (adrs). 

Deposits data into memory starting 
after (adrs) last used for deposits. 



Move Memory 



adrsl<adrs2, 
adrsSM, 



Copy the data now in the memory range 
from (adrs2) to (adrs3) into memory 
ttertffrjt Starting at (adrsl). 



Verify Memory 

adrsl<adfsl:. *100<a010.B410V 
adrs3V 



Verify that block of data in memory 
range frcmi ftd«2) to (ad«i1 «itTf 
matches data block starting at mmrf 

location (adrsl) and displays 
differences if any. 



m. 



tescription 



Cassette I/Q 

idri1*tiri2l *3!^^4FFR Rtads ca^iette data int^ speelfftd 

memory (adrs) range. Record length 
must be same as menK)ry range or an 
m*mr will aetof. 

adrsl.adrs2W *800.9FFW Writes onto cassette data from speci- 

fiid mmw fi*i| 



Display 

I *I Set ioverse video mode. (Bltek cteracteri 

on white backgrounaj 

^ *N Set norma! video mode. (White characters 



adrsL *C800L Decodes 20 instructions starting at 

memory (adrs) into 65|32 assembly 
nmenonic code, 

L *l Decodes next 26 instructions starting 

at current memory address. 



Mini -assembler 



$(monitor :$C800L 

cQiifMndl 



adrs: (6502 rc^ipirSTA 23FF 

MNEMONIC 



Turns-on mini-assembler. Prompt 
character is now a ":" (exclamation 

point) , 

Executes any monitor command from mini- 
assembler then returns control t® mini- 
assembler. Note that many monitor 
commands change current memory address 
reference so that it is f^iEwJ practice 
to retype desired address reference 
upon return to mini-assembler. 

Assembles a mnemonic 65^2 instruction 
into machine codes- If error, machine 
will refuse instruction, sound bell, 
and reprint line with up arrow under 
error. 



Command Format 



Example 



Description 



(space) (65(?2 
mnemonic 
instruction) 

(TURN-OFF) 



: STA PIFF 



I test Bt/tt01lJ 



Assembles instruction into next 
available memory location. (Note 
space between "1" and instruction) 

Exits mini -assembler and returns 
to system monitor. 



Monitor Program Execution and Debugging 

adrsS *C056IS 

(Control E) 
(Control Y) 



Runs machine level prefram stirtlng 
at memory (adrs). 

Traces a program starting at memory 
location (adrs) and continues trace 
untn hitting a breafcpofnt. Bftik 
occurs on instruction 00 (BRK), anij 
returns control to system monitor. 
Qpm% MWi status registers (see mt^ 11 

Single steps through program beginning 
tt fflgmwy ioCTtion (adrsf. Type a 
letter S for each additional step 
that you want displayed. Opens 6502 

status registers (mm Note i% 

Displays 6502 status registers and 

opens thm fw milficdMm tsee ll#te 1} 

Executes user specif ied' machine 
language subroutine starting at 
memory location (3F8). 



Note 1 t 

6502 status register! ire open if they are last line displayed oit tereen. 
Tq change them type then "data" for each register. 

EMaMplet A = 3e I ^ FF Y = 00 P = 32 S = F2 

*: FF Changes A register only 

«^FF iff W Changes A* T regigtem 

To change S register, you must first retype data for A, X, Y and P* 



HfKidecTMil Afitteetii 

AitlWi*i2 *?t*34 Perfonns hexidecimal sum of data! 

plus data2. 

datal-ditil *t-m PirfiFli hexidecimal dlffifenee Of 

datil m\nm d4ta2. 
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tetnrmtid Fprrot Example Description 
Set Input/Output Ports 

(X) (toitrol Pj *5P^ Sets printer output to I/O slot 

number (X). (see Note 2 belaw) 

(X] {tmrwl I| Sets keyboard input to I/O slot 

number (X). (see Note 2 below| 



Note 2: 

Only slots 1 through 7 are addressable in this mode. Address (Ex: 0pC 
or QK^) resets ports to internal video display and keyboard. These commands 
will not work unless Apple II interfaces are plugged into specificarf t/fl 
slot. 



Multiple Commands 



"IPSIL 40(2(6 AFFT Multiple monitor commands may be 

given W line if separated by 

a "space". 

'LLLL Single letter commands may be 

repeated without spaces. 



¥1 



1 



I 

SPECIAL CONTROL AND EDITING CHARACTERS j 

' ' c I 

"Control" characters are indicated by a super-scripted "C" such as G . They 
are obtained by holding down the CTRL key while typing the specified letter. j 
Cd*«f ehiraet^s are NOT disolaved on the TV screen. B and C must be l 
followed by a carriage return. Screen editing characters are indicated by a ] 
sub-scripted "E" such as Dc. They are obtained by pressing and releasing the 
ESC then typing specified letter. Edit tAtt^^ers iSMi Infifmation only ? 
to display screen and does not send data to memory. For example, moves to 
cursor to right and copies text while Ae moves cursor to right but does not 



DESCRIPTION OF ACTION 



Immediately interrupts any program execution and resets 
computer. Also sets all text mode with scrolling window 
at wxtmyw. Control is transfered to System Monitor and 
Apple prompts with a "*" (asterisk) and a bell. Hitting 
RESET key does NOT destroy existing BASIC or machine 
langirafe program. 

If in System Monitor (as indicated by a "*"), a control 
B and a iarrinfe retunt will transfer contril BASIC, 
scratching (killing) any existing BASIC program and set 
KIMEM: to maximum installed user memory and LOMEM: 

W f Ml. 

If in BASIC, halts program and displays line number 
wh^ri* §%&p ^^tHJrm^*^* ft^t^ tmy be continued with a 
CON command. If in System Monitor, (as indicated by "*")» 
control C and a carraige return will enter BASIC without 

killing current program. 

Sounds bell (beeps speaker) 

Backspaces cursor and deletes any overwritten character 
from computer but not from screen- Apply supplied 
keyboards have special key "-^" on right side of keyboard 
that provides this functions without using control button^ 

Issues line '-fmd only 

Compliment to H^. Forward spaces cursor and copies over 
written characters, Apple keyboards have key On 
right side which also performs this function. 

Immediately deletes current tfttt. 

* If BASIC program is expecting keyboard input, you will have 
to hit carriage ratwm ktf &#ter typing control 
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i ^ ^ 



copy tmt. 
CHARACTER 

mm k* 



Control B 

Control C 

Control G 

CoirtMl i 

Control J 

Contml V 

Control X 



Wmi.NL fWlTROL AND EDITING CHARACTERS 
(continued) 



OtSCRIPTIOW OF ACnOH 

Move cursor to right 
Move cursor to left 
Move cursor down 
Move cursor up 

Clear text from <2Ui^i>r to eiid of line 

Cle<ir text from cursor to emt of page 

Home cursor to top of page, clear text to end 
of page. 
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Special Controls and Features 
Hex BASIC Example 



Description 



Dlsplaty Mode Controls 



C05O 


10 


POKE 


-15304,0 


Cj851 


20 


POKE 


-16303,0 


C052 


30 


TOKE 


-16302,0 


C053 


40 


POKE 


-16301 ,0 


C054 


50 


POKE 


-16300 J 


C055 


60 


POKE 


-16299,0 


C056 


70 


POKE 


-16298,0 


cm 


$$ 


f «E 


-IffiSIJ 



Set color graphics modB 

Set text mode 

C1#ar mixed graphics 

Set mixed graphics (4 lines text) 

Clear display Page 2 (BASIC commands 

Use Page 1 only) 
Set display to Page 2 (alternate) 
Clear HIRES graphics mode 
Set Mtm sraphles mode 



TEXT Mdde tentraTs 
0020 90 POKE 32, LI 



0022 



0025 

mm 

FC42 



1# W 

^w mm mm^ 



1310 CH^WEK{36) 
140 POKE 36, CH 
150 TAB(CH+1) 



160 C?=PEEK(37) 
170 POKE 37, CV 
180 VTAB(CV+1) 

190 POKE 50,127 
200 POKE 50,255 

f If CALL -Mi 

220 CALL -958 



Set left side of scrolling window 
to location specified by LI In 
range of to 39. 

Set window width to amount specified 
by Ml- L1+W1<40. W1>0 

Sit Winim tip tu Jim tf^fW 
Tl In rittge wf $ ti W 

Sst windiw bottCRt W 11« specified 
by Bl in the mnge of t© 23. B1>T1 

R#ad/set eusOT ht^rfxonttl ipmitim 
in the range of to 39. If using 
TAB, you must add "1" to cusor position 
read value; Ex. 140 and 150 perform 
identical function. 

Similar to above. Read/set cusor 
vertical position in the range to 

Set- inverse flag if 127 (Ex. 190) 
Set normal flag if 255(Ex. 200) 

(Sf l How cui»r, il«ftF termn 

(Fe) C3«f fvm mmr to ewi »f p?p 
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FC9C 



FCiS 



BASIC Example 



24i CALL -922 



pescrlption 



Iff) Cl*ir f: 



mor ti» end of 



Scroll up text om Mm 



icjel Itn eous 



C000 



1 



C06f 



C059 



C05F 



360 X=PEEK{-16336) 
365 POKE -16336*0 

370 X=PEEK(-16384 



380 POKE -16368,0 



390 X=PEEK(16287) 



400 K=PEEK(-16286) 

4^ POKE -1629M 
430 POKE -16295 J 
440 PAKE -1^4 J 



-1 



460 POKE -16292*0 



-1R91 ,0 



480 PQKE -16290* 
490 POKE -16289-,a 



e speaker 



Read keyboard; if X>127 then 
presst^. 



Clear keyboard stroJ>e - al 
readioii y^^bsard. 



Read PDL(0) push button switch, I 
I>|27 tfcett swilffifc is "ibbi". 

Read P0L{1} push button switch. 



^.5 



ftead PDL(2) pusli button switch. 

S^t GiJnie I/O AMI output 
Clear Game I/O ANl Qutput 
t Sim Ii^iPl i^tput 



Clear 



Set Game I/O AN2 putput 



I/O iM output 



Set GMia 1/0 AN3 lytput 
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m 

* 

m 

*■ 
"* 



LOCO 
I.0C1 

WNDLFT 

WNOWDTH 

WNDTOP 

CH 
CV 

GBASL 

BASH 
BAS2L 

H2 

LMNEM 
V2 

RMNEM 

RTNH 

MASK 

CHKSUM 

FORMAT 

LA ST IN 

mm. 
mm 

PROMPT 

YSAV 

YSAVl 

CSWL 
CSWH 
KSWL 

PCL 



APPLE II 

COPYRIGHT 1977 BY 
APPI4E CQMjPUTi;?, IMC 

\Uh BIGHTS RESERVED 
a. WQZNIAl 



XQT 

AIL 



EPZ 
EPZ 
EPZ 
EP7 
EPZ 

EPZ 
EPZ 



IS 

is, 

EPZ 
EPZ 
EPZ 

EPZ 
EPZ 
EPZ 
EPZ 
EPZ 



ill 

EPZ 
EPZ 

EPZ 
EPS 
EPZ 

EPZ 
EPZ 
EPZ 
EPZ 

EP? 



A4H 
A5L 



FPZ 

EPZ 

EP7, 



* 
* 

* 
* 

m 

¥ 
A 

1 



$00 
$01 

$2& 
$21 
$22 

$23 
$24 

$25 

$26 

iff 
tife 

?2R 
$2C 
S2C 
$2Q 

$2n 

$20 
S2D 
$2E 
S2E 

$2F 
$30 
S31 
$32 

$33 
$34 
$35 

$36 
S37 
$38 
$39 



$3.C 



!>r»i 



S42 
$43 
$44 
$4 5 



7 6 



FBOOt 

molt 

F805: 
F806: 
F808: 
F80A: 

FBOC: 
F80E: 

F8i0: 
F812: 
F814: 

rflX65 



m 

M m m 

28 

A9 OF 
90 02 
69 EO 

85 2Z 
Bl 26 

45 30 
25 2£ 
51 26 

■91 m 

60 



FSlEt 
F820: 

F821: 
F824: 

F826: 

F828: 
F829 : 
F8 2C: 

F82D: 
F82F: 

f832s 
P834: 
F836: 
F838S 

F83A: 

Fti3C: 
F83F: 
F840: 
FB43: 
F644 : 
F846: 
F847: 

Wis: 
F84D: 
F84F: 

F850: 
F852: 
FS54: 



48 



m m 
m 4 

85 27 
63 

29 IR 
90 02 
69 7F 
85 26 



C4 2C 
BO U 

CB 

20 OE F6 
90 F6 
69 01 
48 

20 00 F8 
68 

C5 2D 
90 W%- 

m 



m m 

M to 

AO 27 

A9 00 

85 30 

20 28 F& 
88 

10 F6 




US HADE 

IF^LOC 
lOADR 

KBOSTRP 
TAPE OUT 

SPKR 
TXTCLB 

^axcLI3 

L0W3CR 
HISCF 
LOPES 
HIRES 
TAPE I W 

PADni.o 

PTRIG 

BASIC 
BASIC2 



PTMASX 
PLOT! 



VLIN'EZ 



RtSl 

GLPSC P 



GeASCALC 



£92 
EPS 
EPZ 



BCS 
IMY 
J3R 

sec 

ADC 

PHA 
JSP 

PLA 
CKP 



3Ty 

FOR 
LDY 

LDA 
ST A 
JSP 
0F¥ 

-(PL 

wm 

PKA 



G^€AX*C 



pr.A 

AMD 

ADC 
STA 



$45 

$46 
$47 
$^8 
$49 

S'i F 
$50 
?51 



$53 



$95 

$iJ20U 

$03Fe 

50 3FB 

S03Fr 

SCO 00 

$CO0O 

SCOlO 

$CO20^ 

SC030 



$0052 
$C053 
SC054 
$C055 
?C056 
SC057 

$C060 
$C064 
$C070 
$RD00 

SAVE LSS IN CARRY 
ai^€4X»G CALC BASE ADR IN GBASLrH 
RESTORE LSB FROM CAREY 
MASK $m U EVEIS 



#SOF 
RTMASJ 
#$E0 

MASK 

(GB^SL), i DATA 

COLOR 
HASK 

f ^J«I4 



MASK $F0 If ODD 



XOR COLOP 
Am i^ASK 

mm 



H2 

rmi 

PLOTl 
HLINEl 

#sai 

PLOT 
V2 

tiff 

CLRSCi 
V2 



PLOT .Sf«A^ 
DON'E? 
YFS, RETDPN 

I NCR INDEX (X-Q00RJ3) 

PLOT NEXT SOUAHE 
ALV.\i\YS TAKEN 
NEXT Y-COORD 
SAVE OM RT^CK 
PLOT SOUAt?E 

,L00^* 

ALV7AYS TAKEN! 

f^AX Y, TOP SCR'J CLP 

STORE AS RaTTOM £00 ED 



VLI^JE CALLS 



#$27 

t$0 

COLOK 

VLItVf- 



CL^SC3 



fill 
tiG4 



RIGKT'-'iOJ^T X-COORD (COLUMN) 
TOP COOP.D FOR VLIME CALLS 
CLEAR COLOP (PLACK) 
rPA;\ VLINE 

NEXT LEFTMOST X-COORO 



G?CALG 

**$7F 

Gf'ASL 



AK/ Q G^PA .S L- n QEO E U Q 



f 858: 
F859: 

FH5A: 
F85C: 
F85EI 

F85F: 
f 8 61 : 
F862: 

Fa64s 
F866: 

Ft 6 9 : 
F86A: 

F86C: 
F86E: 
F870: 

FB71 : 
FB a2: 
F873: 

F'6 7 6 : 
P878: 

fl'ff'i: 

FS7i§*; 

F87E: 
F87f : 
F881 : 
F882: 
F884 : 
F8e6: 

f 889: 
f BSC; 

F88F: 

«2i 



OA 
0^ 

05 26 
8 5 26 
60 

AS 30 
13 

69 03 

29 or 

65 3C 
UA 

OA 
OA 
OA 

05 30 
8 5 M 
60 
4^ 
OS 

20 47 F8 

81 26 
28 

ii m 



mm i 



4 A 

29 
60 

A6 3A 
A4 3B 

2r 96 FD 

20 48 F<^ 
Al 3A 



m m 
it 



C9 \2 

FO ac 

2S> 87 
4 A 
A A 

El; o i 

20 79 

DO 04 

AO eo 



if a^y9 : 
F893: 
F89C: 

Fb9D: 
r-SAO : 
F8A3: 

F&A5; 

..F«'l,i 

F8B3 : 
F834 : 
F8B6: 
F8S7: 

F8B8: 
FSBA: 
FBBC: 
F8BE: 

mmMi m m 
^fasi^ Mi 

F8C6: 
F8C8: 
F8C9: 
F8CA: 
F8CC: 
FBCD: 

F8D0: 
F8D3: 
F8D4: 

F8D6: 
F8D9: 

F8E0: 
F8E1: 
F8E3: 



f'9 



ai si 

■85 2# 
98 

29 af 

A A 
9 8 

AO 03 
EO 8A 

FO m 

4 A 



M^NDXl 



DO ii^ 

C8 
88 

DO F2 
60 

FF FF FF 

20 82 F8 
48 

if DA m 

m. m 
M ti 
#1 •li- 
es 

90 Fl 
A2 03 

CO 0,4 



INSTDSP 



ASL 
ASI. 
ORA 
ST A 
PT3 
r.DA 
CLC 
ADC 
A Mr 

ASX 
ASL 
ASL 
ASL 
OPA 
STA 
RTS 
LSR 
PHP 
JSR 
LDA 
PLP 
RCC 

a:\ID 
KTS 



A 
A 



CBA.^L 






GPASL 










KEi^T COLOR 3Y 3 






tmm^fim mm is 


A;: 






A 






A 






A 






COIOR 






CQWH 






A 


READ 


SCREEN Y-COOPD/2 




SAVF 


LS3 (CAF.KY) 


GPASCALC 


CALC 





(GF^SL) ,^ GF'i' www 

r?E STORE LSf ?¥0H ChUPY 

IF rvEN, USE w n 



miFE H;,IQ|^ 44LF BYTE iuO^'JI^ 



JSP 
JSF 



PCL 
PCI-' 
PRYX2 



PRINT PCIi^l 



Ff^Lr,o\^EO^^_;^y a 'MASS; 



mi 



3CS 

^€^=P 

AND 

TAX 
LDA 

LDY 
LDA 

rA>f 

l.^A 
STA 



STA 
TYA 
AND 
TAX 
TYA 

LDY 



HIT 1 TFST 

OPCODE ^i'jh INVALID 
■!ASK i^ITS 

LS'^ l^fQ. CARPY FOP L/P THST 
CFT POP ."'AT INO!^X 9YTE 

p/L H-r^YTE g%ipf 

3fT ?Pr^T FCP^^T INDEX TO 



IWirX IMTO PFINT FOPHAT TA3LF 
SAVE FO^ ADR FIELD FORMAX^JMa 
^1AS< FOR 2 -BIT LENGTH 

(P=l RYTFi, X^Z ^X'XMn ^1 iX!Ti) 
OPCODE 

MASK FOP IXKXIOIU TEST 
SAVE IT 



r; p 

FHTl 
SCTIi^2 



POT^'-'AT 
t($0? 



mi 

BNE 
I NY 
DEY 
BNE 
RTS 
DFP 

JSR 



«f 03 

i 

■kmmm 



MNWDXI 



mm wmmM. wm^w ^^miS 

i| i«yY0i=>ooiiiirMi; 
xxxyYyio=>ooiioxxx 

4) XXXYyiOO*>00100XXXi 

II xxxxxo ua« > Q OQXXXXX 



$FF, $FF,$FF 

INSDSl GEN FMT, LEN BYTES 



#11 



INY 
BCC 



PRNTOP 
#$03 

*$a4 



2 llAi'il: 

PRINT INST (1-3 BY^ESI 
A 12 Qm mMW 



QMML CQUW FOR MHEMOWXC PEISJT 



78 



F8E9: 68 
FBEA: A8 



F8BB: 

F8EE: 
F8F0 : 
F8F3: 
F8F5: 
F8F7: 
F8F9: 
F8FB: 



B9 

85 
89 
85 

A9 
AO 
06 
26 



CO 

2C 
00 

2D 

00 
05 
2D 
2C 



F9 



FA 



PRMNl 




m 



F9 



PRADRl 



m 



F91B: 

P921: 
F923: 
F926: 

F927: 
F929: 
F92A: 

F92B: 
F92D: 
F930: 
F932: 

rti#:« 



F93B: 
F93C$ 
F93D: 
F93F: 
F940 : 

F941: 
F944: 
F945: 
ff94B: 
f94A« 
■F94Cf 

F94P: 

F9S^I 

F953: 
F954! 
F956: 

F958: 
F959: 
F95Bi 

F95C: 
F95E: 
F960: 

F9618 



20 

FO 
20 
CA 

DO 
60 

88 
30 

20 
A5 

C9 

m 

20 
AA 



m 

ED 



03 
ED 

EJ 



E7 

DA 
2E 

£8 



PRA0R3 



PRADR4 



FD 



ri 



DO 

C8 
98 

20 
8A 
4C 

A2 
A9 

CA 



m 

38 

A5 2F 

A 4 3 a 

AA 
10 

88 

65 
90 
CB 



DA m 



DA FD 

03 
AO 



PRNTYX 

PRNTAX 
PRNTX 

PPBLNK 



PCADJ2 
PCADJ3 



01 

3A 
01 




PCADJ4 



m 
* 

wmi 



PLA 
TAY 
LDA 
STA 
LDA 
STA 
LDA 
LDY 

mh 

tiOL 



ADC 
JSR 
DEX 
BNE 
JSR 
LDY 
LDX 
CPX 

BEO 



JSR 
DEX 

BNE 
RTS 
DEY 

mi 

JSR 
LDA 

CMP 



MNEML,X 
LMNEM 
MNEMR,Y 
RMMEn 

#$00 
#$05 
IWNEM 

A 

PRMN2 
«$BF 

CQUT 

PRMNl 

PRBLNK 

LENGTH 

#$06 

#$03 

PRADP5 

if 



fETCH 3-CHAR MNEMONIC 
(PACKED IN 2-ByTESj 



SHIFT 5 BITS OF 
CBABACTER INTO 1 



ADD •'?" OFFSET 
OyXPUT A CHAE OF MKEM 



OUTPUT 3 BLANKS 



CNT FOR 6 FORWA^ BITS 



IF X=3 THEN ADDR. 




COUT 

CmR2-l,X 

PRADR3 

COUT 

PRADEl 



PRADR2 
PPPYTE 
FORMAT 

#$E8 
(PCL)/ 




mm-: 



JSR PiltJ3^l 



I NX 
BME 
INY 
TYA 

JSP FtQYT^ 
TXA 

JMP PRBYTE 
LDX #$03 

mh #$A0 

DEX 

wm fRiiif 

RTS 
SEC 
LD'^ 
LDY 

TAX 
BPL 
DEY 

ADC 
BCC 
INY 
RTS 



HANDLE mh 



m%.,MMm§mi^l ft ft.,t 

+1 TO y^x 



OUTPUT TARGET ADR 
m BRANCH AND RETURN 

BLANK COUNT 

LOA® m m^m 

vifiiOT I toil 



LENGTiS 
PCE 

PC AD J 4 

PCL 
RTS 2 




O-l^BYTE , l«2*-fiirtE^ 
2^=3--BYTE 

TEST DISPLACEMENT SIQN 

(FOR REL BRANCH) 
EXTEND NEC BY DECR PCH 

PCL+LENGTH (OR DISPL) 4l m A 
CA:RRY INTO Y fPtH) 

KXXXXXYO llWil 
THEN LEFT HALF Wm% 
THEN RIGHT HALF Wfl 

(x«i:NJ?iX) 



OFB Sl2Q«^54,.$30r ^ 0^> 

PPB ^80,$04,$90,S03,$22 

DFB $54,$33,$0D,$8O,$O4 

DFB $90,f04,$20,$54,$33 

Mi 



F985 
F988 



DF B $ 3 3 , $ D , ^ C 8 , $ 4 4 , $ Q 
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P#8A8 


11 


22 


44 










F98D: 


33 


OD 






DFB 


911 , 522, 544 , $33, SOD 


F98F: 


CB 


44 












F992: 


01 


22 






DFB 


SC8,$44, 


$A9,S01,$22 


P994: 


44 


33 


OD 










F997: 


80 


04 






DFB 


$44,S33,S0D,S80,S04 


F999: 


90 


01 


22 










F99C: 


44 


33 






OFB 


$90,$01,?22,S44,$33 


F99B; 


OD 


80 


04 










F9A1: 


90 








J^l 


SOD,$8O,$O4r|90 




IT 






















W,S31,$f7,$9A ZtXX 


F^A6" 


00 








DFB 


SOO 


ERR 


FBA7t 


21 








DFB 


$21 


I MM 


F9A8: 


81 








DFB 


581 


Z-PAGE 


F9A9! 


82 








DFB 


$82 


ABS 


F9AA: 


00 








DFB 


SOO 


IMPLIED 


F9ABt 


00 








DFB 


SOO 


ACCUMULATOR 


F9AC: 


59 








DFB 


$59 


(ZPAG,X) 


F9AD: 


4D 








DFB 


$4D 


(2PAG) ,Y 


F9AE; 


91 








DFB 


S91 


ZPAG,X 


F9AF: 


92 








DFB 


$92 




F9B0: 


8e 








DFB 


$86 




F9B1: 


4A 








DFB 


$4A 




F9B2: 


85 








DFB 


$85 




F9B3: 


9D 








DFB 


$9D 




F934S 


AC 

A3 


m 

A8 


AC 
A4 


CHAKl 


Ase 






F9BA; 


D9 


00 


D8 












A4 


A4 


DO 


CHAR2 


DFB 


SDq,SOO,S0f, tA4 » t A 4 f i 










*CHAR2; 


"Y" ,0,"X$S" ,0 





P9C0t 
F9C3: 
F9C6; 
F9C9: 
F9CC: 
F9CF: 
F9D2: 
F9D5: 
F9D8: 
F9DB: 

mmt 

mm^ 

F9EES 

F9F0: 

F9F3: 

F9F6: 

F9F8: 

F9FB: 

F9FE: 

FAOO: 

FA03: 

FA06: 

PA09S 

FAOCs 

FA0F5 

FA12: 

FA15: 

FA18: 

PAIB: 

FAIE: 

FA20: 

FA23: 

FA26: 

FA28 : 

FA2B: 

FA2E; 

FA 30: 

FA33: 

PA36: 

FA38: 

FA3Bt 

FA3E: 



IC 8A 

23 5D 
IB Al 
8A ID 
9D 8B 
Al 00 
19 AE 
A8 19 

24 53 
23 24 
1% -Ml 

m 

is A5 
tA 24 

AE AE A8 
AD 29 00 
70 00 
15 9C 6D 
9C A5 69 
29 53 
84 13 
11 A5 
23 AO 
D8 62 
48 26 



IC 

8B MNEML 
9D 
23 
ID 
29 
69 
23 
IB 
53 



MNEML 

(A) XXXXXOOO 
(P) XXXYYlOO 
(C) iXXXlOlO 



(X= INDEX) 



69 



34 
69 



5A 

62 MNEMF 



54 
54 
£8 
B4 
74 
€E 
CC 
F2 



94 68 

44 C8 

68 44 

94 00 

OS $4 

B4 as 

74 F4 
4A 72 

A4 8A 
00 AA A2 
A2 74 74 
74 72 
44 6B 82 
32 B2 00 
22 00 
lA lA 26 
26 n 72 
88 CB 
C4 CA 
48 44 
A2 C8 



26 
44 



DFB $1C,S8A,S1C,$2 3,S5D,$8B 

DFB S1B,SA1,59D,S8'\,$1D,S2 3 

DFB S9O,fi8R,SlD,SAl,S00,S29 

DFB $19,$AE,?69,$A8.S19,$23 

DFB S24,$53,S18,$2 3,S24,$53 

mu S19^;SA1 iA) FORMAT ABOVl 

DFE $00,$1A,$58,?5B,SA5,S69 

DFB S24,S24 (B) FORMAT 

DFP S'KE , S AE , SA8 , SAD , S29 , $00 

DFB STCSUO fC) FORMAT 

DFB S15,S9C,S6D,S9C,$A5,S69 

DFB S84 ,$13,534,S11,$A5,$69 

DFB S23,SA0 (E) FORMAT 

DFB SD8,S62,$5A,$4 8,$26,$62 

DF^ $%M t S4 4 1 W At^ t $00 f SB4 

DFB tO'8 /$S4 , S74 , |'B4 , $18 , 

DFB S74,$F4,SCC,$4J\,$72,$Fa. 

DFB 8^4, ?8A (A) FORMAT 

DFB $00,$AA,SA2,$A2,S74,$74 

n?n $7 4 , f 7a (mj F^tnAT 

DFB S4 4,S68,$E2,S3 2,SB2,S0t 

DFB $22, SOO (C) FORMAT 

D PB f I A , $ 1 A , 1 76', § , t7 f , $ 7 2 

DFB S8e,$CB (D) FORMAT 

DFB $C4,SCA,S26,S4&,$44,S44 

0PB sair^ci m m^mv 



m 



FA40: 


FF FF 


FF 




DFB 


SFF, SFF, 


,SFF 


FA43: 


20 DO 


F8 


STEP 


JSR 


I^JSTDSP 


DISASSEMBLE ONE INST 


FA46: 


68 






PLA 




AT (PCL,H) 


FA47: 


8 5 2C 






STA 


rt:^l 


ADJUST TO USER 


FA49: 


6B 






PLA 




STACK. SAVE 


FA4A: 


85 2D 






STA 


RTNH 


RTN ADR. 


FA4C: 


A2 08 






LEX 


#S0B 




FA4E: 


BD 10 


FB 


XCINIT 


LDA 


iNiTaL-i,x mi's XEO h^th ■ 


FA51: 


9 5 3C 






S-BA 






FA53! 


CA 






DEX 






fA54i 


m rs 








XOIMT 




PASfi: 


Al 3A 










XISEB OPCODE BYTE 


FA58! 


f C M 








%nm 


SPECIAL IF HREAK 




A4 2P 






LOY 




LEN FP0M nrSASSSMBLY 


FA5C: 


C9 20 






CMP 


#S20 




FA5E: 


FO 59 






PEO 


XJSR 


HANDLE JSR, PTS , JMP, 


FA60: 


C9 60 






Cl^P 


*$60 


JMP ( ) , RTI SPECIAL 


FA62: 


FO 45 






BEQ 


XRTS 




FA64: 


C9 4C 






CMP 


*S4C 




FA66: 


FO 5C 






3 BO 


X J P 




FA68: 


C9 6C 






CMP 


#$6C 




FA6A; 


FO 59 








XJMPAT 




FA6C: 


C9 40 














FO 35 








XRTI 




FA70: 


29 IF 












fA72: 


49 14 






EOR 


#S14 




FA74: 


C9 04 






CMP 


#$04 


COPY USEP INST TO XEO AREA 


FA 7* I 


FO 02 






BZQ 


X02 


WITH TRAILING NOPS 


PA78: 


Bl 3A 




xoi 


LDA 


(POL) ,Y 


CHANGE REL BRANCH 


FA7A: 


99 3C 


01 


XQ2 


STA 


XQTNZ , Y 


DISP TO 4 FOR 


FA7D: 


88 






DEY 




JMP TO BRANCH OR 


FA7E: 


10 F8 






BPL 


XQl 


NBRANCH FROM XEQ. 


FA80: 


20 3F 


FF 




JSP 


RESTORE 


RESTORE USER REG CONTENTSi, 


FAS 3: 


4C 3C 


00 




JMP 


XQTN2 


XEQ USER OP FROM RAM 


FA86: 


8 5 4# 






STA 


ACC 




PA8B: 


68 






PLA 






FA89; 


48 






PHA 






FA8A : 


OA 






ASL 






FA8B: 


OA 






ASL 


A 




FA8C; 


OA 






ASL 


A 




FA8D: 


30 03 






BMI 


BREAK 


TEST FOR BREAK 


FA8F: 


6C FE 


03 




JMP 


(iROL^x;) 


USER ROUTINE VECTOR IH m« 


FA92: 


28 




aBFAK 


PLP 






FA93: 


20 m 


WW 




JSR 


SAVl 


SAVE REG'S ON Blf^f 


FA96: 


68 






PLA 




INCLUDING PC 


FA97: 


85 






STA 


PCL 




FA99; 


68 






PLA 






FA9A: 


85 3B 






STA 


PCH 




FA9Cr 


20 82 


F8 


XBRK 


JSR 


INSDSl 


PRINT USER PC. 


FA9F: 


20 DA 


FA. 




JSR 


sans PI 


Am PEG '5 


FAA2: 


4C 65 


FF 




JMP 


mn 




EAA5; 


aa 




mm 


CLC 






^6: 


68 






PtA 




SIMULATE RTI BY EXPECTING 


PAA7: 


85 48 






STA 


STATUS 


STATUS FROM STACK, THEN 1 


FAA9: 


68 




mm 


PLA 




RTS SIMULATION 


FAAA: 


85 3A 






STA 


PCL 


EXTRACT PC FROM STACK 


FAACi 


68 






PLA 




mm- wmmn m % 


FAAD: 


85 3B 




PCINC2 


STA 


PCH 




FAAF: 


A5 2F 






LDA 


LENGTH 


upfiA^E m m '-Xim 


FABl: 


20 56 


F9 




JSR 


PCADJ3 




FAB4 : 


84 3B 






STY 


PCH 




FAB 6: 


18 












FAB 7: 


90 14 






ecc 


mmct 




FAB 9: 


18 




XJSR 


CLC 






FABA! 


20 54 


F9 




JSR 


PCADJ2 


rpDATE PC aJlC PUSH 


FABI): 


AA 






TAX 




mm for 


FABEs 


98 






OTYA , 




jm SIMULATE 


PABF: 


48 






PfTA 






FACO: 


8A 






TXA 






FACl: 


46 






PHA 






FAC2: 


AO 02 






LDY 


#S02 




FAC4: 


18 




XJMP 


CLC 






FAC5: 


Bl 3A 




XJMPAT 


LDA 


(PCL) , Y 




FAC7: 


AA 










LOAD PC FOR JiHP (f 


FAC8: 


88 






DEY 




(JMP) SIMULATE, 


FAC9: 


Bl 3A 






LDA 


(PCL) ,Y 




FACB: 


86 3B 






STX 


PCH 




FACD: 


tJ5 3A 




mM?Ch 


STA 


PCL 




facf; 


BO F3 








urn 




FADls 


A5 2D 




RTNJ W 


LDA 


mm 




fad:3: 


4 8 












FAD4 : 


A5 2C 








mm 




FAD6i 


48 






pm 






FAD7: 


20 6E 1 


?D 


SEGDSP 


JSR 


CROUT 


DISPLAY USEH 


FADA: 


A9 4 5 




RGDSPl 


LD^ 


#ACC 


CONTENTS mm' 


FADC : 


8 5 40 






STA 


A3L 


LABELS 



ii 



FADE! 


A9 


00 






LDA 


«ACC/256 




FAEO: 


85 


41 






STA 


A3H 




FAE2; 


A2 


FB 






LDX 


#SFB 




FAE4: 


A9 


AO 




RDSPl 


LDA 


#SAO 




FAE6: 


20 


ED 


FD 




JSR 


COUT 




FAE9: 


BD 


IE 


FA 




LDA 


RTBL-$FB 




FAEC: 


20 


ED 


FD 




JSR 


coot 




FAEF: 


A9 


BD 






LDA 


#?3D 




FAFl! 


20 


ED 


FD 




JSR 


COUT 




FAF4 : 


B5 


4A 






1«0A 


ACC+5»X 




FAF&: 


20 


DA 


<F0. 










PAF9: 


Ed 










l?-t^pl 




FAFAs 


30 


E8 






3MI 




FAFC: 


60 








RTS 






FAFD: 


18 






BRAMCH 


CLC 




BRANCH TAKEN, 


FAFE : 


AO 


01 






LDY 


#901 


i,EM*2 m m 


FBOO: 


Bl 


3A 






LDA 


(PCD ,Y 




FB02: 


20 


56 


F9 




JSR 


PCADJ3 




FB05: 


85 


3A 






STA 


PCL 




FB07: 


98 








tm 






FBOe: 


38 














FB09s 


BO 


A2 








PCINC2 




FBOB: 


20 


4A 


FF 




JSR 


SAVE 


I^ORMAL RETOPN AFTER 


FBOE; 


3d 








SEC 




XEQ USER OF 


FBOF; 


BO 


9E 






PCS 


PC INC 3 


GC UPDATE PC 


PBlX: 


SA 






JNIfBL 


NOP 






FB12: 


BA 








NOP 




DUMMY FILL FOR 


FB13: 


4C 


OB 


FB 




JMP 


MPRNCH 


XEC> AREA 


FB16! 


4C 


FD 


FA 




JMP 


BRANCH 




FB19 : 


CI 








DFB 


SCI 




FBlA: 


D8 








DFB 


$D8 




FBIB: 


D9 








DFE 


$09 




FBIC: 


DO 








DFP 


SDO 




FBlD; 


D3 








DFB 


SD3 




PBIE: 


AD 


70 


CO 


PREAO 








FB21: 


AO 


00 






-mm 




INIT COUNT 


FB23: 














COMPE»*SATE FOR 1ST COUNT 


FB24: 


EA 














FB23: 


BD 


64 


CD 


?RBAD2 


Lfiik 




COUNT y-PEG EVKRY 


FB2S: 


10 


04 










12 US EC 


FB2A: 


C8 








tm 






FB2B : 


DO 


f4 






mu 




EXIT AT im SAX 












DEY 






FB2ES 


60 






RT32D 


RTS 






FB2F: 


A9 


00 




INIT 


LDA 


#$00 


CLR STATUS FOR DEBUG 


FB31: 


85 


48 






STA 


STATUS 


SOFTWARE 


FB33: 


AD 


56 


CO 




LDA 


LORES 




FB36: 


AP 


14- 






LDA 


LOWSCj? 


im^ vimB- mm 


FB39: 


m 




im 














t§- 






taA 


ISOO 


rut»L 5ceee:n wuick^ 




.m 


m 






BEO 


SFTHND 








50 


CO 


SET^II 


LDA 


TXTCLR 


SET FOP GRAPHICS 




m 


53 


CO 




LDA 


f-IXSET 


lower 4 LINES AS 


FB46: 


20 


36 


F8 




JSR 


CLPTOP 


TEXT WINDOW 


FB49: 


A9 


14 






LDA 


#S14 




FB4B: 


85 


22 




SETWND 


STA 


WNDTOP 


SET FOP 4 COL WINDOW 


FB4D: 


A9 


00 






LDA 


#$00 


TOP IN A-PEG, 


FB4F : 


85 


20 






STA 


WNDLFT 


BTTM AT LINE 24 


FB51: 


A9 


28 






LDA 


#$28 




FB53: 


85 


21 






STA 


WNDWOTK 




FB55: 


A9 


IB 






LDA 


*$lb 




FB57: 


85 


23 






3tA 




f^mm. m mm ii 


FB59: 


A9 


17 






LDA 






FB5B : 


85 


25 




TAB? 


STA 












i£ 




JMP 


VTA p. 








A« 






JSP 


MOl 


ABS VAL OF AC AUX 


FB63 : 


AO 


10 




mt 


LDY 


#$10 


INDEX FOP 16 BITS 


FB65: 


A5 


50 






LDA 


ACL 


%m AUX +> 


FB67: 


4A 








LSP. 


A 


TO AC, XTND 


FB68 : 


90 


DC 






BCC 




IF NO CAPRY, 


FB6A: 


18 








CLC 




NO PARTIAL PPOD. 


FB68: 


A2 


FE 






LDX 


#SFE 




FB6D: 


35 


54 




iMUL3 


LOA 


XT10DL+2,X 


ADD MPLCND (AUX) 


FB6F: 


75 


56 






\0C 


AUXL-4'2 , X 


TO PARTIAL PROD 


FB71: 


95 


54 












FB73; 


EH 








inx 






FB74! 


DO 


rr 








^'u'l3 




F876i 


A3 


i'l 






LLX 






PB76 ; 


76 








DFB 






F379! 


50 








I^FB 


#550 




FP7A: 


CA 








BEX 






FB7B: 


10 


FE 






'3 PL 


MUL.S 




FB7D: 


88 








DfY 






FB7E: 


DO 


F5 






31-3 E 


MUL2 




PBBQS 


60 















82 



ACL 
ACH 
XTNDL 



^^S VAL OF AC, J^UX* 

imm Bm 44 mm 



JTMO/AUX 
'to. AC. 



mm I 

f^#%l ft: 

PBA3: 

FBA6: 
FBA8: 
FBAA: 

FBAD: 
FBAF: 
FSal : 
FBB3: 

FBBSf 

FIB 7 J 
FBB9t 
FBBA: 

FBBC : 
FBBE: 
FBCO: 

FBCls 
FBC2: 
FBC3: 

FBC5: 
FBC7: 
FBC9: 
FBCA: 

•FBD2 : 
FBD3: 
FBD41 
FBD6: 
FBD8: 

FBD9: 
FBDB: 
FBDD: 

FBDF: 
FEE 2: 

m 



FBEF: 
FBFO : 

FBF2: 
FBF4 : 
FBF6: 
FBF8 : 
FBFA: 
FBFC : 
FBF0* 



FC08 : 
FCOA: 
FCOC: 
FCOE: 
FCIO: 
FC12: 
FC14: 
FC16: 



1 



51 



If 



MD2 



MDRTS 
SASCALC 



FC 



AD 3i m 



f3TS2P 



xrwDL 

AUXL 



S TO XTND. 




if$00 

SIGN 

#AUXL 

MD2 

#ACL 

Laci,x 



LOCI ,X 
LOClrX 




fBS VAL OF AC, AUX 
WITH KESULT SIGN 
IN LSB OP SIGN. 



X SJ»ECIFIES AC OR AUX 




CALC BASE ADR IN BASL,H 
FOR GIVEN LINE NO, 
0<=«LINE N0.<=S17 

APG=OOOABCDE, GEHBRAtf 



BSCLfi 

#$7F 

EASL 

%■ 

BASt 

B4SL,. 

#$87 
RTS2B 
#$4 

UAIT 

ific 

miT 
CH 

cn 

tvNDWDTH 
CR 




BFLL CHAR? (CNTRL-G), 
NQ,RETU^ 

SECONDS 



©GLE BPrnrnm AT 

I. mB wm * 1 §m 



CURSER H INDEX TO Y-REG 

STOP CHAK IN LINE 
INCREMENT CURSER H INDEX 

(MOVE RIGHT) 
BEYOWD WINtW ftg 





CP 
LF 

#SS8 

BELLI 

CH 

RTS3 
^Ai^^D':^DTH 



mt CHAR? 

!\;o,onTPUT IT. 

IN'VERSE VIDEO? 

M^ESvjt; Q:t^T S^'-U-T I^ ■ 

tff? 

YES, 
LINE FEED? 

IF SO, DO IT. 
BACK SPACE? (CMTRL-H) 

HO, CHECK FOR BELL. 
DECREMENT CUPSER H Ii^DEX 
IF POS, OK. ELSE MOVE UP 

SET CH TO Kpron^fflHL 




83 



fClE: 
FC20: 
FC22: 
FC24: 
FC27: 
FC29: 
FC2B: 
FC2C: 
FC2E: 
FC30: 
FC32: 
FC34: 
FC36: 
FC38: 
PC3A: 
FC3C: 
FC3E: 
FC40: 
FC42: 
FC44: 
FC46: 
FC47: 



BO 
C6 
A5 
20 
65 
85 
60 

49 CO 
FO 28 
69 FD 
90 CO 
FO DA 
69 FD 



FB 



PTS4 
EEC! 



90 
FO 
69 
90 



20 
DE 
FD 
5C 



DO E9 
A4 24 
A5 25 
46 
20 



CLREOP 



24 FC 



FC4Dt An 00 
FC4F! 68 



FC50: 

FC52: 

FC54: 

FC56: 

FC58: 

FC5A: 

FC5C: 

FC5E: 

FC60: 

rC62! 

PC64: 

PC66t 

FC6 8: 

FC6A: 

FC6C: 

FC6E: 

FC70: 

FC72: 

PC73: 

FC76; 

FC78: 

FC7A: 

FC7C: 

FC7E: 

FC80: 

FC81: 

FC82! 

FC84; 

FC86: 

FCSe; 

FCB9: 

FCSC: 

FC8E: 

FC90: 

FC91 : 

FC93: 

FCgS: 

FC97: 

FC9A- 

FC9C: 

FCAO: 
FCA2: 
FCA3: 
FCA5: 
FCA7: 
FCA8: 
FCA9: 
FCAA: 
FCAC: 
FCAE; 
FCAF: 
FCBll 
FQB3t 
FCB4: 
FCB5: 
FCB8: 
PC6A: 
FCBCs 
FCBE: 



69 
C5 
90 
BO 
A5 
85 
AO 
84 



00 
23 
FO 
CA 
22 
25 
00 
24 



FO E4 

m Qo 



85 
E6 
AS 

C5 



24 

25 

25 
23 



24 
28 
2A 
29 
2B 
21 



90 B6 
C6 2 5 
A5 22 
48 
20 
A5 
85 
A5 
85 
A4 
88 
68 

69 01 
C5 23 
BQ flD 
48 

20 
81 
91 
88 
10 
30 
AO 



FC 



riOME 



CM 



SCRtl 



24 

28 
2A 



F9 
El 
00 

20 9E F€ 
BQ 86 
A4 24 

28 



a9 

91 

C8 

C4 21 
9U 
60 
38 
48 

E9 01 
DO FC 
68 

E9 01 
DO F6 
60 
Sb 
DO 
E6 
A5 
C5 
A5 



SCRL3 



CtREOL 

CLmhz 
cr.eoL2 



;VA IT- 
WAIT 2 



NXTA4 



?3KTA1 



BCS 


PTS 4 


IF TOP LI^JE THEN PETUR5I 


DEC 


CV 


DFCR CURSER V-INDEX 


LDA 


CV 


GET CURSER V-IN"DEX 


JSP 


RASCALC 


CENRPATE BASE ADDP 


ADC 




ADD WINDOW E,EFT IFDBX 


3TA 


HASL 


TO BASL 


PTS 






EOR 


iiSCO 


ESC? 


RFO 


HOME 


IF SO, DO flOf'E A7ID ChWAP. 


ADC 


«$FD 


ESC -A OS S CKBCK 


BCC 




A, iVDVANCfi 


8E0 


B3 


B, BACKSPACE 


ADC 


itSFD 


ESC-C OP D CMwm 


3CC 


LF 


C , DOWN 


BEQ 


□ P 


D, GO UP 


ADC 


#$FD 


5SC-E OP F CHECK 


PCC 


CLREOL 


E, CLEAR TO END OF LINE 


3NE 




NOT F, RETURN 


LDY 


CH 


CURSOR H TO Y INDEX 


LDA 


■■€¥■ 


CORSOF V TO A- REGISTER 


vm 




^AVE CUPREN3' htm QH STK 




VTAB2 




JSP 




Ct-FA^ TO EOL, SET CARRY 


tm 


#$0£3 


cmm r^.-n n xm^^o for pesi? 






xncmp^m cvmmy limf 


ADC 


#$00 


(CAP^Y IS SET) 


CMP 




DOrJE TO BOTTOri Ot-" WINDOW? 


sec 


CLEOPl 


NO, KFliP CLEARING LINES 


9CS 


VTAP 


YES, TAB TO CURRENT LINE 


LDA 


i-'N'DTOP 


INIT CURSOR V 


STA 


C\J 




LDY 


#500 






CH 


mm CLEAK TO E&TD OF PAGE 


^HO 






LDA 




cu;?FOR ro left ct indfx 


STA 


CH 


(PEI- CURSOR H=0) 


IHC 


CV 


inc^ cuRSGF vi^m x htm) 


LPA 


CV 




CMP 




OFF SCREFk^? 


J5CC 




NO, SET BASE ADDP 


D^C 


CV 


DECP Ct'.'^SOR V(SACK TO gOTTOH him) 


LDA 


mmm 


START AT TOP OF SCRt mm 


PHA 






JSP 


VTA^Z 


GENERATE BASE 


LDA 


BASL 


COPY BASL,H 


3TA 


BAS2L 


yes ■E^A@-iifc'j..E 


LDA 


BASH 




STA 


BAS2H 




LDY 


WNDVvDTH 


INIT Y TO RIGHTMOST INDEX 


DFY 




OF TROLLING WINDOW 


PIA 






.^m 


#$fll 








DONE? 


acs 


SCHL3 


VF5, FINISH 


PFJA 







JSP 
LDA 
STA 
DEY 
6 PL 
BMI 
LDY 

JSPv 

3CS 

tm 

LDA 

STA 
I NY 
CPY 
0CC 
PTS 
SEC 
PHA 

3 PC 
P^B 
PLA 
SBC 

Bm 

INC 
P-JB 
Ir'C 
LDA 
CKP 

hm 



VTABZ FORy BASL,H (BASE ADDR| 

(FASL),Y f'OVE A CBR 0P tIRB 
(BAS2L) ,Y 

NEXT CHAP OP LINE 

SCRL2 
SCRLl 

*t$co 

CLEOLZ 
VTA" 
CH 

(BASL),Y STORE BLANKS FROM 'HEHE* 
CLBOt2 



NEXT LINE 
CLEAP BOTTOM LINE 
GET BASE ADDR FOR HO^TOM hmt 
CARRY IS SET 



#S01 

l^^AIT3 

*SOI 

SVAIT2 

A4L 
NXT'^l 
A4H 
AIL 

A2L 



1.0204 USEC 

1 1 i4^2 712*^A+S"4 2*^*4} 



ir^CR 2-fYTe A4 

IFCP 2-HYTF Al* 

mo CDPPARE TO A2: 



m 



r CL U r b D J r 






a u 
A / h 








T h'P 


^ T r 
1 t Ij 


(LAKri obi ir ?~) 


pfr* <j ■ nn fl 
riwC^i uu v £■ 






l\ 1 .5 4 H 




rLLb; to 4w 




Tf.'P 




















r pv 


li SI? H-^ 


'^id^misf ttnt^r" 1» 


ni^j^n* Tn c^^^ 

rLLH; ^(j Uo p'^ 




T iiT n 

J bH 




nALr CxCLES 






!N 11 


^( P a rsp 

n b H kJ-*" 


(DOU UatL R-ftCM ) 




















i 1 ' fir #^ ■ ^ Ai 


iSi" Jl > Art O 1 




LDY 




/ j1 ft n lie po \ 


r^UD! 1-'^ 


lA i< 1 1 












INY 




AP OCA lie PP ^ • ft ' \ 

UP ZaU UOC.V- [ U J 


r L UA . \~o 










r ^- U E3 . O 


7 P un r V 


np V 






r LUL : UU tu 




BNE 


ZE POL I 




c/^ nc • il A ft (i 
r (-Ut ; 3 U u D 






W H 1 A r b 


I i b LUU !n i r UK 


pr* FCi • an 7 




r p V 

Lj u X 


* "5 ^'J 

^ J* J'-Z 




E"/^P T . O Q 

r C b z : oo 


ONEDLY 


DE Y 












uHbuXiy 




F*r'^H*' at* F^A' 

r^-CiJi r\\, £U ' 




T nv 






pf"cQ» an or 




hUx 


IS2C 




r L. t A : A 




DEX 






F R • ft n 
r £i o • o u 




DT Q 
r< i 






pp pr* • a n w 


KL) H lit 


T n V 




c a T 'PC fP D P a n 
dlib iu Kbflij 


r V_ t b I ^ o 


r> n r> \yfT> 1 
n U t-i I i i 


PHA 




KbAU IWU J. KANa i i J^UINb 


BTPP* 5n RA Pf" 




T ^ P 


K li £ 1 I 




L>i^ C T • £ 

r L r ^ : o 




PLA 






WC P 1 • T R 

r L r J ! Zrt 






A 


iN b X 1 13 i 1 


wr PA ' & n A 

FLr**. rlU JO 




r n 


T a 


pf ^Ei "JT p rw c a M D r pc 


1? t- to; t, A 










iTvC- / 3 uU f a 




>1.T C 
















*:«apr'l»ai ^. "SiP CPt 

rCrA : £h tu t\. 


RD2BIX 








:t*,». .!5;.a 


KUrl r 


n fv 




titl.S y klril Lh 


pH"'p?f*- Afi nfi ro 




r fifi 


1 Ft; iT9 


inifr, I rt A p»>i, i 


rUUi: /-r 






LASTI N 




rUUJt lU ro 




P Pti 






pnftti, /c Op 






r R cr T M 
LAb i J C-J 




rr^OT. DC TP 
rUU/I DD 




STA 


LAST IN 








t- r 1 


C Q ft 
■> t* U 


be. 1 t^AKhl UIV I~t'bt?. 


r U U D . D u 




DTC 
i* 1 






t UUC : A4 Z4 


D K F Y 


LDY 


CH 








LDA 




bcil KCHfcKN It; eiiftSH 












Pnl T ■ Itl TP 




hun 






£^£1X4! Is 9 9U 






f S4u 










r cat; r ^ V 














pm R - (^r* ati 

r U± i JO UU 






t H L J 


i'^iTi »rif> n r- r n y f v TTii ^ 
1^' -U r- j< r\ L 1 — i# 


r L/ J. c • u "ii 1^ 




T MP 










B''J IT 


K P,Y I r Z 


INCH KNP NUlrlBEP 


p rvi p • rf. J P 












1/ C'V T M 


r" J. i 


[\ '5 L' 


f p V rtPir 1.1 


pno^^ If", p"^ 




E PL 


K TY I '1 


T i~ 1". r) 
LOUP 






STA 


(i^Af^L) ,V 


1' b t-'I .AL r. r Ij/V bn i 'JLj bLK*^- r. N 


Fn9R» fin nn rn 






N .~ iJ 


^ Li ^ t I CUb'b 


priOQ. in r'ft 




FIT 


KPOlSTP? 


CLP tShY STrOBE. 






PTS 






C'Tl'^P* 'ill fiP PfV 




^ tif 




kdibl fi.r'lECVU'j 


pm 9 • "pn 9P i?f^ 
rujz; zu zl ct^ 




J a B 














HE- Ay TS-t' I 


















*;^P' 




pr\ ■JP • c ft 




RTS 






p n n • ^ 1? 

rLfJlJa nj Jim 


M/Vt'P-q 












PHA 






pn^n* ao pp 
r U4 U : ft r r r 




LDA 


11 e p 
f 5 F r 




PDA?, at; "XO 




Dirt 


T p r p 


ppnn ncPD r taip 

DL-flU UObK LtllMb 


pnii^a Dn ftft ftO 
I'U44: au UU U£ 




LDA 


IN , X 




PrtjiTB Oft pn pn 




JSR 


COUT 






run 






rD4B; 03 jZ 




STA 


INVFLC 




OT\jilf\a Dn flA 

Ffcf4>^9 yz 










r u ^ V ? v< y Kkw 








t' ii pp if pn D PrtT T V PVC 


fe^riC-'j-. prt Irs 
FU 3 Z : r U 1^0 






Plpi 


BS ,> Ctk li-X . 


rU34i ^7 ?o 








pn "^fi • pfi ni 




a p 11 


p a M p p I 

L A W C r- L 




pnco* pft PC 




C PX 


Jl C Q 




pn c;a • on m 




PP 


M r\rn /"I 1 




pnsr • ?n 1A ff 

ri.yjVr* ^U t£ 




iJ 3 rv 




vpc; Qoriijn PPr r. 


Eir\ c ^ A P 
r U Dt : to 


■^OTCR 1 


INX 




'\nvAWCt INPUl iNUtA 


r UD u > UU 1 J 




fil'JE 






pn fi "} * fl Q np 




LDA 




oR/^vtiir^icij np'PPD r'RM/^pfTPr\ 


p'&fi <d ■* %(\ "i^D^ 

L-' VIF.W .All'lUr ^ 






■VsjFjy.-i. 





FD67: 
FD6A: 
FD6C: 
FU6F: 
FD71I 
FD72i 

FD75: 

FD7e: 

FD7A: 

FD7C: 

FD7E: 

FD80: 

FD82: 

FD84: 

FD87: 

FD89: 

FD8B: 

FD8,E; 

FD9fl! 

F092: 

FD^4: 

FD96: 

FD99: 

FD9C: 

FD9EI 

FDAO: 

FDA 3: 

FDA 5: 

FDA7 : 

FDA 9: 

FDABS 

F0ADI 

emit 

FDa3j 
FD36: 
FDB8: 
FD3B: 
FDiiD: 
FDCO: 
FDC3: 
FDC5: 
FDC6: 
FDC7: 
FDC9: 
FDCA: 
FDCE! 
FDCC: 

pt5eF; 

FDDl : 
FDD3: 
FDD4 : 
FDD6: 
FDD9: 
FDDA: 
FDDB: 
FDDC: 
FDDD: 

FDE9: 
FDEB: 
FDED: 
FDFO: 
FDF2: 
FDF4: 
FDF6: 
PDFSs 
FDF9I 
FDFCs 
FDFD: 
FDPF: 
FEOO: 
FE02: 
FE04: 
FE05: 
FE07: 
FE09: 
FEOB: 
FEOD: 



20 8E FD 
A5 33 
20 ED FD 
A2 01 
8A 

FO F3 



35 FD 



C9 95 
DO 02 
81 28 
C9 EO 
90 02 
29 DF 
9D 00 QZ 
C9 8Q 
DO B2 

20 9C ec 

A9 8D 

DO- SB 
A4 3D 
A6 3C 
20 8E FD 
20 40 F9 
AO 00 
A9 AD 
4C ED FD 
AS 3C 
09 07 
8 b 

A5 >D 
$5 

A5 3C 

29 07 
DQ 03 

m n rD 

■A9 AO 
20 FO FD 
Bi 3C 
20 DA FD 

20 BA ec 

90 E8 

60 

4A 

E^ 

4A 
4A 

A5 3E 
90 02 
49 FF 
65 3C 
48 

A9 BD 

2 mm 

68 
48 
4h 
4A 
4h 

P ^ 

m i% ;rfl 



it f f 
m. ^ 

90 02 

69 06 

6C 36 

C9 AO 

90 02 



GETLNZ 



.^^^TCl^^K 

CAPTST 

CROUT 

PPAl 

P.FYX2 



XAM 

DATAOfJT 



XAOT 



00 



25 32 

84 35 
48 

20 FD FB 
68 

A4 35 

60 

C6 34 
FO 9F 
CA 

DO 16 

C9 BA 
DO BB 

85 31 
A5 3E 



PRREK2 



COUT 



COUTZ 



JSR 

Wii 

r-EO 

DEX 
JSP 

Bf1£ 
LOA 
C.^'! ? 
BCC 

\Nn 

m% 

LDA 
Bi^E 
LDY 
LDX 
.■JSR 
JSP 
LDY 
LDA 
J-'iP 
LDA 
ORA 
STA 
LOA 
5TA 

hm 

JSP 
LDA 
JSP 
LDA 
JSP 
JSP 
BCC 
i?TS 
LSP 
9CC 

tsn 

LDA 
BCC 
EOP 
ADC 
PH/\ 
LDA 

Ph^ 
PHA 
tjSR 
LSB 
LSP 
tSH 
J5ft 
PL^ 
AND 
OHA 
CMP 
BCC 
ADC 
JMP 

BCC 
AND 
STY 
PHA 
JSR 
FLA 
LDY 
RTS 
DEC 
BEO 
DEX 
BNE 
CM^ 
SNB 
STA 
LDA 



cnmt 

GETLN7 

PDCriAP 

ifPICK 

CAPTST 

(BASL) 

JtSFO 

ADDt^^P 

*f?DF 

m^t 
nmm 

CLPEOL 
fiSHD 
CODT 
AlH 
AIL 
CPOUT 
PP.jTYX 
#$00 
*$A0 
COUT 
AIL 
ISOT 
A2L 
AlH 
A2H 
Alt 
^S07 
DATA OUT 
PRAl 
#$A0 
COUT 
(AIL) ,Y 
PRBYTP 
NXTAl 
■10D8CHK 

A 

A 
A 

A2L 

ADD 

ilSFF 

AIL 

I* S3D 
COOT 



A 
A 
% 
h 

PI? BEX t 

#$0F 
ItSBO 
lt$BA 
COUT 

*$oe 

(CSC'L) 

#$A0 

COUTZ 

INVFLG 

YSAVl 

?im)aT 

VSAVI 

YSAV 
XAMB 

SETMDZ 

«SBA 

XAMPI« 

WODK 

A2L 



Q0TP!Jt CP 

mtmt WOnVT CHAP 
TgXLt eAC'<SPACE TO 



USE 3CREEM ClIAft 
FOP CTRL-U 



coi^vm^ m CAPS 



ADD to rKP0T BUF 



PRINT CR,A1 IN HEX 



riOD P=7 



OUTPUT BLA^JK 
OUTPUT BYTF. MMt 
CHECK If TOr 

ppiN'c mm 

DETERWlr4E If ?5CliJ 
MODE IS XAM 
AT3D, OP SOB 



PPIRT 



TBm RESULT 



rPINT EYf€ AS 2 HEX 



PPINT HEX OlG %M 
LSB 'S 



vECTOjr *ro usm cmxKif ^outinE 

DOM'T OUTPUT CTRL'S INVERSE 
MASK WITH IMVEPSE FLAG 

SAV Y-P.E(S' 
SAV A-PEG 

OUTPUT A-REG AS ASCII 
RESTORE A-REG 

AND Y-RFG 
THEN RETURN 



BLANK TO MON 
AFTER BLANK 
DATA STORE «40DE? 

NO, XAM, AHT) OR SUB 
KE0^ IN STOBE ^Om 



m 



FEOF: 91 40 

FEil: E6 40 

FE13: DO 02 

FE15: E6 41 

fEXTs 60 

FEiA: 89 FF 01 

FBIC: 85 31 SlT'^Dl 

FElFs 6C 

FE20: A2 01 tV 

FE22: B5 3E mi 

FE24: 95 42 

FE26! 95 44 

FE28! CA 

FE29: 10 F7 

FE28: 6 

FE2C: Bl 3C yiOVF. 

FE2E: 91 42 

FE30: 20 ?4 m 

FE33: 90 F7 

FE35: 60 

FE36: Bl 3C 

FE38: Dl 4 2 

FE3A: FO IC 

FE3C: 20 92 FD 

FE3F: El 3C 

FE;41: 20 DA FD 

FE44: A9 AO 

FE46: 20 ED FD 

FE49: A9 AS 

mm^ m m m 
mmM ii 

mmM M m w&. 

FE5 5J 2 ED ft 

Ft; 58 : 2 Bd F^^ 'Wmt 

FE5B: 90 D9 

FE50: 60 

FE5E: 20 75 FE LIST 

FE61: A9 14 

FE6 3: 4b tism 

FE64: 20 DO F8 

FE67: 20 53 F9 

PE6A! dS 3A 

FE6C! 84 3B 

FE6E: £B 

FE6P: 38 

FE70: E9 01 

FE72: DO EF 

F£74: 6 

FE75: 8A AlFC 

FE76: FO 07 

FE78: B5 3C AlPCM' 

FE7A: 9 5 3A 

FE7C: CA 

FE7D: 10 F9 

F£7F: 60 AlPCRTS 

FE80: AO 3F SETINV 

FE32: DO 02 

FE84: AO FF SETsgOR'^ 

FE86: 84 32 S£TXF!-a 

FE88-: 60 

FE89! A9 00 $ETK9D 

FE8£)s A2- 36 INPRT 

FE8F: AO IB 

FE91: DO 08 

FE93: A9 00 SETVID 

FE95: 85 3E OUTPORT 

FE97: A2 36 G^tPlf^ 

FE99: AO FO 

FE9B: A5 31 Xmm- 

FE9D: 29 OF 

FE9F: FO 06 

FEAl: 09 CO 

FEA3: AO 00 

FEA5: FO 02 

FEA7: A9 FI? lOPRTl 

FEA9: 94 &d' tOPPfZ 

FEA5; 95 01 

FEAD: 60 

FEAE: EA 

FEAF: EA 

FEBO: 4C 00 EO XPASIC 

Fiils m 03 SO Wmil' 



STA 


\ J Lj f f Ji 




I NC 


ft T T 
A J Li 




P-'g E 


RTS 5 


mtW Al;i tlWIW 


UK 


A 3*^ 




f?TS 






LOY 




SAVE CONVERTS D ' S * > '4 ' , 


LCA 






STa 


•-rODF 




PTS 






!D0X 


<sdi 




LDA 


A 2 L , X 




STA 


A4 L, X 




STA 


A 5 L , X 




DEX 






BPL 


LT2 




RTS 






LDA 


(AU) ,Y 


MOVE (Al TO A2) TO 


STA 


(A4L) , Y 


(A4) 




NsTA 4 




sec 


MOVE 




KTS 






uUP 


/ h 1 t 1 

^AiL) ,Y 




C'-IF 


(A4L) ,y 


< A 4 J 


PEG 


VFYCK 




JSP 


PH A 1 




LDA 


f AIL) , Y 




JSR 


PR T YT E 




r.DA 


S AO 




7SR 


COUT 




LDA 


#SA8 




J?R 


COUT 




LDA 


(A4L) ,Y 










lOA 






JSR 


COUT 




JSP 


'^IXT^ 4 




'3CC 


VFY 




PTS 






J3P: 


AlPC 


""VE A 1 (2 BYTES) TO 




#114- 


PC IF SPEC 'D AND 


PJJA 




QISSE^'FLE 20 INSTRS 


JSP 


li^JSTDSP 




J3R 


PCACJ 


ADJUST PC EACH INSTR 


GTA 








pch 




PI* A 






3^:C 






SBC 


|SOi 




I3NK 


L 1 5? T 2 




KTS 






TXA 




IF U3FH SF£C 'D ADR 


r p f'~i 
L h U 


t\ 1 r Lt^ I 


LUr I f r vJ '1 rt i J. U f L 


LDA 


A 1 L , X 




O J. \ 


DPT V 




DEX 






r D T 

! y Li 






RTS 






LD Y 


# ? J t* 


SET FOR INVERSE VXD 


BNE 


SEri FLG 


VIA COUTl 


LDY 


«SFF 


SET FOR MORMAL VID 


fall 






i\lSt 
















c Tsirr' TCTPn /v^pvtm EfrMi^nT m e" ^ 










ftcx Xtv 










r Pi A 
LiU/\ 




a 1 ULtfl i L PUK i f U iJU 1 PU i 


D 1 Pi 


ft T T 


iPEt 1 F 1 t p (LUUri FUyTI Nt 1 


LDX 






LDY 


acouTl 




LDA 


A 21, 


SET meters. 


AND 


#50F 




QEC 


lOPRTl 




OPA 


#IOADR/256 


LDY 


*S00 




U-EO 


ICPRT2 




LDA 


#COaTl/256 


STY 


LOCO,?? 




SfA 




PtS 






NOt- 






NOP 






J'lP 


RAS I C 


TO '>ASIC WITH SCRATCH 









87 



20 71 m 

20 f:? Pf 

6C 3A 00 

4C D7 FA 
FEC2: C6 34 

FEC4: 20 75 FE 

FEC7: 4C 43 FA 

FECA: 4C F6 03 
FECD: A9 40 

20 C9 W€ 
AO 27 



FESfi! 
FEB9: 
FEBC : 
FEBF : 



FECF: 
FED2 : 



FED6t 41 3C 

Ffi08i 48 
f£D9: Al 
FECB: 
FEDE: 



3€ 

20 ED rt 

20 BA FC 



FEEl: AO ID 

FEE3: 68 

FEE4: 90 E£ 

FEE6: AO 22 

FEES: 20 ED FE 

FEEB: FO 4C 

FEED: A2 10 

FEEF: OA 

FEFO: 20 D6 FC 

FEP3: DO m 

FEF5: 60 

fmm m m r% 

FEFA: 68 

PEFB: DO 6C 

FEED: 20 FA FC 

FFOO: A9 16 

. FF02t 20 C9 FC 

FF05: 85 2E 

FF07: 20 FA FC 

FFOA: AO 24.^ 

FFOC: 20 FD FC 

FFOF: BO F9 

FFll: 20 FD FC 

PF14I AC 33 

FF16: 20 EC m 

PF19: 81 3C 

FFIB: 45 2E 

FFlD! 85 2E 

FFIF: 20 3A rC 

FF22: AO 35 

FF24: 90 FO 

FF26: 20 EC FC 

FF29: C5 2E 

FF2B: FO CD 

FF2D: A9 C5 

FF2F: 20 ED FD 

FF32: A9 Q2 

rF34! 20 m m 

FF37! 20 EP FD 

FF3A: A9 87 

FF3C: 4C Eti FD 

FF3F: A5 m 
FF41: 48 

FF42: A5 45 

FF44: A6 4fe 

FF46: A4 4.1 
FF48: 28 



GO 



R?GZ 

TPAce: 

[JSP 
NRITE 



4tl 



60 

85 45 



FF49 
FF4A 

FF4CS 86 46 
FF4ES 84 4? 
FF50: Oo 
EFSl: 68 
FF52:' 85 43 
FP54; BA 
FF55: 86 m 



NRBYTE 



mi 



RESTORE 



RESTRl 



SAVE 



FF57: 
FF58: 
FF59: 
FF5C: 
FF5F: 
FF62! 
FF65: 
FF66: 
FF69: 
FF6B: 
FF6D: 



D8 
60 

20 8 4 FE 
20 2F FB 
20 93 FE 
20 89 FE 
D8 

20 3A FF 

AA 
85 33 
20 67 m 



mm 



J?1P 
J^F 
DEC 
JSP 

jy,p 
jy.p 

LOA 
JSR 
LDY 

1>HA 
LDA 
JSP 
JSR 
LDY 

rx.A 

BCC 
LDY 
JSP. 

LDX 
ASL 
JSR 

mB 
JSP 

PLA 
PLA 

BNE 
JSR 
LDA 
JSR 
STA 
JSP 
LDY 
JSR 
BCG 
JSR 
■tDY 
JSR 

3m 

STA 
JSR 
LDY 
BCC 
JSR 
CMP 
'3E0 
LD'N 
JSR 
tiOA 

JSR 

J.1P 

LDA 
P!IA 
LDA 
LDX 
LDY 
PLP 
HXS 
STA 
STX 
3T¥ 
PH? 
WIA 

STX 
CLH 
PTS 
JSR 
JSP 
JSR 
JSP 
CLD 
JSP 

hm 

STA 

JS? 



MPC 

RSSTOPE 

{PCD 

PECOSP 

YSAV 

A IPC 

STFP 

US K ADR 

itS4U 

HEADS 

ft$27 

*SGO 

(AXL,3i) 

vppyrn 
^'XTM 

f*S22 
WR^YTE 

#$10 
A 

WRBIT 
WR5YT2 

4LX 



MONZ 

RD2BIT 

#S16 

HEADR 

CHKSUM 

RC2EIT 

#?24 

RDPIT 

RD2 

POBIT 

(A1L,X) 

iVXTAl 
J*535 

RD3 

RODYTE 

CHKSUh' 

QKLL 

»SC5 

COUT 

*SI?2 

COOT 

COOT 

^SoT 

COtlT 

STATUS 

ACC 

XfiEG 

XPEG 



ACC 
XWEC- 



STATUS 



SPf^'f 



setnop: 

I NIT 

SETVID 

SETK!3D 

B ELI- 
IS AA 



AOS -m PC IF SPEC'C 

(?o TO tJSFR '^mu 

TO REG nif^PLAY 

ADR TO PC IF SP^»0 
TAKP ONE STEP 

Mif^- iMKc mAm'R 



m^nh% CK AS I? LANK 
THEN POP STAC?( 
AND PTN TO MON 

FIND TAPEIN EDGE 

DKJ r^Y 3.5 SeCOMDS 
INIT CHe(SUM = $PF 
riMD TAPFIM EDGE 
LOOK FOR SYH^ fit 

(SHORT 0) 

LOOP U^TIL FOUND 
SKIP SECOND SYNC H-CYCLE 

FOR 0/1 TEST 
Pr,%n A f^YTE 
B'tmt. AT (Al) 

UPDATE RUN'\]IMG CHKSUM 
INCR Al, COf^PARE TO A2 
COMPENSATE 0/1 INDEX 
LOOP UNTIL DOME 
f?FAD CMKSU''' 3YTE 

GOOD, SOO^^O l"iELL AND RETUR"^ 

PRiMT -EPP" , TOT mm, 



OdTPliT F5tLL AND ^EftKi^ 

RESTORE 6502 PEG COWTENTg 
USED DERUQ SOFT^VAPE 



SAVE 6 50 2 REG CO^ITBNTB 



SP'l' SC^PEM 10DE 

AND INIT KfiD/SCREEN 
AS I/O DEVS 

vu^r ser hex modei 

'* » l»ROf<PT FOR Pirn 
!=(%hU A LIME 



88 



FF70: 20 C7 

FF73: 20 A7 

FF76: 84 34 

FF78: AO 17 

FF7B5 30 E 8 
FF7D: m CC 

FFe2.: 20 BK 

FF85: A4 34 

FF87: 4C 71 

FF8A: A2 0| 

FF8C: OA 

FF8D: OA 

FF8E: OA 

FF8F: OA 

PF90: OA 

FF91: 26 3E 

FF93: 26 3F 

FF95S CA 

FF96: 10 F8 

FF98: A5 31 

FF9A1 DO Ofe 

Ff9C: B5 3F 

FF9E: 95 3D 

FFAO: 95 41 

FFA2: E8 

FFA3: FO F3 

FFA5: DO Ub 

FFA7: A2 00 

FFA9: 8 fa 3E 

FFAB: 3F 

FFAD: B9 no 

FFatJs Cii 

FFBlf OA 
FF135! 90 D3 
FFe7: 69 88 
FFB9: C9 FA 
FFB3: BG Ca 
FFBD: 6 
FFEE: A9 FB 
FFCO: 48 
FFCl: m 
FFC4: AS 
FFCd: A5 31 
FFC7: AO 00 
FFC9: d4 31 
FFCB: 60 
FFCC: BC 
FPCn: P2 

FFCE: BE 

FFCF: ED 
FFDO: EF 

FFDl: C4 

FFD2: EC 

FFD3: A9 

FFD4: m 

FFD5: Ab 

FPD6: ^4 

FFD7: Ub 

PFDb: 9 5 

FFD9i 07 

FFD^: 02 

FFD&I 05 

FFDC: PO 

FFDD; 00 

FFDE: EB 

FFDF: 93 

FFEO: ^^7 

FFEl: C6 

FFE2: 9 9 

FFE3: B2 

FFE4S C9 

Ff^l? CI 
35 

FFE8: 8C 
FFE9: C3 
FFFA: 9b 
FFEB: AF 
FFEC: 17 
FEED: 17 
FFEE: 
FFHF-5 li 



FF 

FF NXTIT'-l 



FF 

FF 

FF 



NXTEIT 



02 -irrCfF 



rF 



JSR 

JSF 

Sty 

LDY 



2-10DE CLEAR ^:Cl< MODE, SCAN I^C 

GETNON GPT ITEM, NON-HEX 

YSAV CHAR IN A-REG 

#$17 X-RFG*0 IF NO HEX INPUT 



CS«TBL,Y 

rosm 



mt FO«?Jr>, GO TO MON 
ftm Cmn CHAR IN XEt 

mmn, call comESPomim 





YSAV 




J ■'IP 


iJXfOT 




LOX 


#$(13 




^SL 


A 




ASL 




GOT tiEX nic, 


ASL 


A 


S'lIFT INTO A2 


ASL 


A 




ASL 


/\ 




ROL 


A2L 




POL 


A2H 




DEX 






mt 


\'X'r-U f 




LDA 










IP MOOF f.tm 


LDA 


A2H ,X 


'S^f^m CQfY ^2 TO 




A 1 X 




HT^ 


A 3 M , X 






















LDX 


itSGC 


CLEAO A 2 


SIX 


'\2L 




STX 


A 21; 




LDA 


IV >y 




IKY 






FC? 






CKP 


«SGA 




i^CC 


r;iG 


IF HtX DIG, THE^ 


^DC 








it 3 FA 






DI<: 












tfCO/2 5b 


PU-r'^ rillSil-Oi^EFR 


PIH 




ADS 0": HTK 


LDA 




PL"-.'-! [,0 ; OPDER 


Pf^A 






Lu^ 


'•^ODE 




LEY 




CLP 'lOOf^, Cr,n MODE 






TO '•'-REG 






GO TO SUPR VIA PTS 


D#f 






Off* 






I3F^ 


53n 




OFt* 


S'-:n 


F ( T" ) 


OFF 


SRF 


FC V) 


DFL' 




F("CTPL-K-'J 


PFit 


SEC 


F("S") 


nFii 


SAy 


F("CTPL-P") 


DF!:' 


;^ L» 


Ff'CTRL-P") 


DFL^ 


5 Ab 


F("-") 


DFK 




Ff ) 




SDb 




rf:*. 


s^95 


F (•■<•■ ) 


OFB 


?07 




DFP 


S02 


F ( " I •■ ) 




^05 






lift 




OFH 


$00 


F(" C") 


DFB 


SFO 


F(-R-) 


OFB 


$93 


FT':") 


DFP 


SA7 


F ( " . " ) 


DFe 


?C6 


F C'CB") 


OFR 


$99 


F ( B MK ¥ 


DFB 


ItBASCONT- 


■1 


DFb 


«LIStV-l 




PFb 






Df a 


*THACE-i 




DFB 


*VFY-1 




DFP 












nr^ 


*-ODTP-=?T-l 




DFg 


fXPASrc-l 




DFR 




1 


DFP 


#3ErM0DF^ 


1 


DFB 


itMOVE-1 




mm 







m 



FFFO : 


83 






FPf Is 


7F 




DFB 








OFB 




cc 




Ji^g 




V3- 




nPB 


t r r J • 


FC 




DFB 


P F F 6 : 


17 




DFB 


FFF7 : 


17 




DFE 


FFF8 : 


F 5 




DFB 


FFF9 : 


03 




DFB 


FFFA : 






DFB 


r r r n • 


'\ 




DFB 


rf'FC : 


59 




DFB 


FFFD: 


FF 




DFB 


FFFE": 






DFB 


FFFFs. 






DFI? 



*LIST-1 

nm-i 

IfREAD-l 

«3ETM0DE-1 

#3FTI^0CE-1 

#BLANK-1 

fmi mi mmm 

»NMI/256 

#RFSET RE SEW mG^M 

itPESET/256 

«IRC IRO fi<t0fi 



90 



F500: 






F502: 


Ah 




F5a3j 


DO 


14 


F505: 


A4 


3F 


FSOT: 


AO 


3r: 


F509 : 


DO 


01 


FSOB: 


B8 




P50C: 


CA 






cJA 






18 




P50FJ 


E5 


m 


F511: 


85 




F613: 


10 


ai 


F515! 


C8 




F516: 


98 





APPLE COi^PUTFt? INC. 



ALL RI<3H'PS RBSEPVED * 



S. WOZMIAK 



LEmrn 

r, 

PCL 
PCH 
Alfi 
^2L 
hZi. 
ML 

f «^ 

PCAPJ 
CH\'U 
Ct-tAP2 

1 s," ( r, 

COt'.SUP 
GFTLNZ 
COOT 

nLi 

Ali^CLP 

2. "ODE 
CMi^ ETL 



REL2 



EP2 

BP?; 

EPZ 
EPZ 
KPZ 
FP7, 
i\PZ 
F.VZ 

r.pz 

EPZ 
I'iPZ 

w% 

■Knu 
COU 

EOU 

r:;ou 

ECU 
EOU 

tou 

Emi 

FOII 

src 

T,SP 

c Jr 

LOY 
Lpv 

BNE 
OFY 
DFX 
TXA 

ch: 

3BC 
S'fA 
6 PL 
I^3V 
XYA 



$21^ 

sap 

S34 

?3A 

S3-> 

?3F 
S42 

s'3a 

^200 
S F B f:. F 
SFbOO 
St iJ4A 
S F 9 5 3 
9 ^' S 4 
SF9l- A 
SF9C0 
?FAOO 
SFCIA 
?FD67 

?FFA7 
F F P F 
$FFC" 
SFFCC 
SFSUO 

A 2 . : 



PCL 
A2L 
PEL3 



1^' Cv);^P^TIFLE 



91 



F517: E5 33 
F519: DO 6B 
F&IB: A4 2F 
F5ID! B9 3C 00 
F520J 91 3^ 
F522: 88 
F523J 10 F3 
P525: 2D lA FC 
20 lA FC 
20 DO F8 
20 53 F9 

84 3B 

85 3A 
4C 95 F5 
20 BE FF 
A4 34 
20 A7 FF 

ti 34 
Ad 17 

88 

30 48 
D9 CC FF 
DO F8 
CO 15 
DO E8 
A5 31 
AO 00 
F554: C6 34 
F556: 20 OQ FE 
4C 95 F5 
A5 3D 
P55EZ 20 BE F8 
F561: AA 
F562: BD 00 FA 
F565: C5 42 
F567: DO 13 



EFR3 

FIMDOB 

FE3IX3P2 



F528: 
F52B: 
F52E: 
F531: 
F533: 
F535: 
F53e: 
F53B: 
F53D: 

F544: 
F545: 
F547: 
F54A: 
F54C: 
F54E: 
F550: 
P552: 



F559: 
F55C: 



F569: 
F56C: 
F56E: 
F570: 
F572: 
F574: 
F576: 
F578: 
F57A: 



BD CO F9 
C5 43 
DO OC 
A5 44 
A4 2E 
CO 9D 
FO 88 
C5 2E 
FO 9F 



F57C: 06 3D 

F57E: DO DC 

F580: E6 44 

F582: C6 35 



F584: 
F586: 
F588: 



FO D6 
A4 34 
98 



F589: AA 



F58A: 
F58D: 
F58F: 
F592: 



20 4A F9 

A9 DE 
20 ED FD 
20 3A FF 



F595: A9 Al 
F597: 85 33 



20 67 FD 

F^ 



F599 

F59C: 20 C7 
F55F5 m m ^2 
F5A2: C9 AO 
r5A4s FO 13 
F5A6: C8 
F5A7: C9 A4 
F5A9: FO 92 
F5AB: 88 
F5AC: 20 A7 FF 
F5AF: 09 93 
F5B1: DO D5 
F5B3: 8A 
F5B4; FO 02 
F5B6! 20 78 FE 
F5B9: A9 



FAKEM0N3 



FAKEf^OH 



FAKEM0t^2 



mm 



ERR 
ERR2 



RESETZ 
NXTLINE 



F56D: 
F5C0: 
F5C1: 
F5C3: 
F5C5: 
F5C7: 
F5C8: 
F5C9: 



03 
S5 3D 
20 34 F6 
OA 

E9 BE 
C9 C2 
90 CI 
OA 
OA 
A2 

m 



ERR4 



SPACE 



NXTMM 



04 



SBC 

LDY 
LDA 

om 

8 Ft 
JSR 
JSP 
JSR 
JSR 
STY 
STA 
J^P 
JSR 
LDY 
JSR 

Im 

DEY 

BMI 

CMP 

3ME 

CPY 

BNE 

LDA 

LDY 

DEC 

JSR 

JMP 

LDA 

JSR 

TAX 

LDA 

OMP 

Bi^E 

LDA 

CMP 

BNE 

LDA 

LDY 

CPY 

BEO 

CMP 

BEQ 

DEC 

BNE 

INC 

DEC 

BEC 

LDIf 

TYA 

TAX 

JSR 

LDA 

JSR 

JSR 

LDA 

STA 

JSR 

;W 
'a en 

INY 

CMP 
BEO 
DEY 
JSR 
CMP 

TXA 
BEQ 
JSR 
LDA 
STA 

asR 

ASL 
SEC 

CWP 
BCC 
ASL 
ASL 
LDX 



PCH 
ERR 

LEK<3TH 
A1H,Y 
(PCLJ ,Y 

mm¥2 

CURSUP 

CURSUP 

INSTDSP 

PCADJ 

PCH 

PCL 

NXTLINE 

TOSUB 

YSAV 

GETNUM 

YSAV 

l$17 

PB5ETZ 
CHRTBL,Y 
FAKEM0fJ2 
#S15 

FAKEM0W3 

^ODE 

*$0 

YSAV 

BLl 

NXTLINE 
A IB 
INSDS2 

A4L 

NEXTOP 

MNEML,X 

A4H 

NEXTOP 
FMT 

FORMAT 

#S9D 

REL 

FORMAT 

FINDOP 
AlH 

TRYNEXT 

FMT 

L 

YSAV 



PRBL2 

#$DE 

COUT 

BELL 

#$A1 

PROMPT 

GETLNZ 

SFACE 

*$A4 

FAKE^•OM 

GETNU^l 

*S93 

;rR2 

ERR2 
AlPCLP 
8S3 
MH 

A 

#|PE 

f$C2 

ERR2 

A 

A 

*S4 

A 



ERROR IF >1-BYTE BRANCH 
MOVE ISST TO (PC) 



RESTORE CURSOR 
TYPE FORMATTED 
UPDATE PC 



GET NEXT LINE 

GO TO DELIM HANDLER 

RESTORE Y-INDEX: 

READ PARAM 

SAVE Y-INDEX 

INIT DEI,IMITEB INDEX 

CHECK NEXT DEIaIM 

ERR IF UNRECOGNIZED DELIM 

COMPARE WITH DELIM TmXi^ 

NO MATCH 

MATCH, IS IT CR? 

m, Mmmm m m mommw 



HANDLE CR OUTSIDE MONITOR 

GET TRIAL OPCODE 

GET PHT+LENGTH FOR OPCODE 

GET LOWER MNEMONIC BYTE 
MATCH? 

NO, TRY NEXT OPCODE 
GET UPPER MNEMONIC BYTE 
MATCH? 

NO, TRY NEXT OPCODE, 
GET TRIAL FORMAT 

TRIAL miM^%m^' 

YES. 

sAMi mmm2 

YES , 

NO /try NEXT OPCODE 

m MORE, TRY WITff LEN=2 
WAS L=2 AI^READY? 

no:. 

YES, UNRECOGNIZED INSt. 



PRINT " UNDER LAST HEAD 
CHAR TO INDICATE ERROR 
POSITION. 

' ! ' 

INITIALIZE fmm^^ 

GET LINE. 

iNiT scREEj^ mnm 

GET CHAR 
ASCII BliA»? 

YE'S 

ASCII 'S ' IN COL I? 

YES, SIMULATE MONITOR 

MO, BACKUP A Cnm 

GET A NUMRER 

' : • TERMINAT©W? 

NO, ERH. 

NO ADR PPECEDING COLON. 

m\r^ hw TO PCL, PCH. 

COUNT OF CHARS IN MMEMONIC 

csT FiF,s*r mBsn char. 

LEGAL CBAR? 
,M0." 

COMPRESS-LEFT JUSTIFY 



DO 5 TRIPL!^ WORD SBIFTS 



F5CC: 26 42 

F5CE: 26 43 

F5D0: CA 

F5D1: 10 F8 

F5D3: C6 3D 

F5D5: FD F4 

F5D7; 10 E4 

F5D9: A2 05 FOp-^U 

F5DBr 20 34 F6 F0M2 

F5DE: 84 34 

F5E0S DD 34 Ft 

F5E3: DO 13 

F5E5; 20 34 F6 

F'5E8: DD L^.A F9 

F5E;B: fo od 

fsed: bd ba p9 

F5P0: FU U7 
F5F2: C9 A4 

mwm M mmi-$ 

f^tf^S tl F0P.f^4 

F5FAi 26 44 mm^S 

f5FC: EO 03 

F5FE: DO GO 

F600: 20 AT FF 

F603: ^S 3F 

F605: FO 01 

F607: EH 

F608: 86 35 m« 

F60A: A2 03 

F60D: 86 3D FOK/7 

F60F: CA 

F610: 10 C9 

F612: A5 44 

F614! OA 

F615: OA 

F616: 05 35 

F61B: C9 20 

F$1A: BO 06 

F61C: A6 35 

F61E: FO 02 

F620: 09 80 

F622S 85 4< mmh 

F624: 84 34 

F626: S9 00 ^ 

F629: C9 BB 

F62B: FO 04 

F62D: C9 8D 

F62F: DO 80 

F631: 4C 5C F5 FaHM9 

F634: B9 00 02 CFT-^SP 

F637: C8 

F638: C9 AO 

F63A: FO FS 

F6 3C: 60 

F666: 4C 92 F5 MINASM 



ROL 


A4L 




ROL 


A 4^ 




DEX 






SFt 


NXB!2 




DEC 


A III 


DONF WITH 3 CHARS? 


SFO 


WXTK2 


yes, f^UT DO 1 MOPE SHIFT 


B^h 


NXTMM 






*S5 


5 CHAINS Xti ADOR HOnS 






Grr FIRST CHAR OP A0DR 


STY 


YSAV 




CMP 


CHARl ,X 


FIRST CHAR stATCH PATTimt?? 


BN E 


F0PM3 


NO 


JSR 


GFT^SP 


YES, GEL' SECOND CHAR 




c^'^^2,x 


■lATCHFS SFCOnO HALF? 


r.rg 


"OR ■■^5 


YES 


C-DA 


C.iA-^'2,X 


^)0, 13 ^jECONO half ZERO? 


5F0 


FOP.'' 4 


YFS. 






MO,SFcor'r' half optiO'-jai.? 


hiFO 


F0P['4 




LCY 


YSAV 




QhQ 




CLEA'? E^IT-KO WATCH 


DzY 




pfACK ~JP 1 CHAR 
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HIOM-ORDER BYTE TO RO 
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IWCR RX 
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3TDAT 
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m 
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t\ U Li 
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ROH f Y' 




R7Jin » 
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fi n 

D \J 












r ; L A : 
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F7DF : 
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F7E4 : 


49 FF 






EOR 


It c-e^^E^- 
f ?Ft 




F7E6! 


DO B9 






BNE. 


^1 


PBAnCH I F NOT MINUS 1 
















F7E9! 


A2 13 






LDX 


*$1R 


12*2 FOR PI2 AS St8 P©XNXfm 
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F7EB: 20 66 F7 JSR 

F7EE: Al 00 LDA 

F7F0-. 85 IF STA 

F7F2: 20 66 JSP 

F7F5: Al 00 LDA 

F7F7: 8 5 IE STA 

F7F9: 60 P.TS 

F7FAS AC m Rtn jnB 



DCP DECB STACK POINTER 

|ROL,X) POP HIGH RETURN ADR TO 

OCR SAf4E FOR LOW-ORCER BYTE 
(R0L,X1 



9i 



* 



6502 MICROPROCESSOR INSTRUCTIONS 



1^ Add Memory ttj mmmmwf'i^- 

Carry 

idWD Memory wHh AcCumul*®* 

kiSL Shift Lett One Bit (Memory Orr 
Accumulator) 

BCC Branch on Carry Clear 

Branch on Carry Set 
BEQ Branch on Result Zero 
BIT Twri Btta in Memory with 

BMI Branch on ^asuK Minus 

BNE Branch on f^ult not Z«rQ 

BPL Branch on Result Plus 

BRK ForceBraak. 

BVC Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode 

CLI Clear interrupt Disable SH 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulatoit 

CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement Index X by One 

DEY Decrement Index Y by One 

EOR "Exctusive-Or" Memory with 
Accumulator 

INC Increment Memory by One 
INX Increment Index X by One 
INY increment Index Y by Or» 

JUfflfx to New Location 
d^EtH Jump to New Location Saving 

Return Address 



i.0A Load Accumulator with Memory 
LDX Load Index X with Memory 
LDY Load Index Y with Memory 
LSR Shift Right one Bit (Memory or 

Accumulator) 
NOP No Operation 
OBA "OR" Memory with Accumulator 

PKA Push Accumulator on Stack 
PHP Push Proceaaor Status on Stack 
PLA Pun Accumulator from Slack 
PLP Pull Processor Status from Stack 

ROL Rotate One Btt Lftft ^Memory or 

Accumulator}' 

ROR Rotate One Btl Right (Memory or 

Accumulated 

RTt Return from Jn^rrupt 

RTS Return from Subroutine 

SBC Subtract Memory itm ^fl^UNW^ 

with Borrow 

SEC Set C^rry Flag 

BED Set Decimal Mode 

SEI Set Interrupt Disable Status 

8TA Store Accumulator in Memory 

STX Store Index X in Memory 

STY Store Index Y in Memory 

TAX Transfer Accumulator to Index X 

TAY Transfer Accumulator to Index Y 

TSX Transfer Stack Pointer to Index X 

TXA Transfer Index X to Accumulator 

TXS Transfer Index X (o Stack Pointer 

TYA Tramfier im^x Y to yl^vimuiR^ 
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THE FOLLOWING NOTATION 
APPLIES TO THIS SUMMARY: 



A 


Accumulator 


X, Y 


Index Registers 


m 


Memory 


c 


Borrow 


p 


Processor Status ^^iiiPf^ 


s 


Stack Pointer 


/ 


Ghange 




No Change 


:*/ 


mm 








SubtTwst 




Logical Exctu9<v0 Or 


4 


Trtnafftf Froni Siack 


'1 


Tf«nsfer To Stack 




Transfer To 




Transfer To 


V 


Logical OR 


PC 


Program Counter 


PGH 


Program Counter High 


PCL 


Program Q^f0^ lipm 


OPER 


Operand 


# 





FIGURE 2. ROTATE ONE BIT LEFT (MEMORY 



M OR A 



6 5 4 3 2 1 



m C 



NOTE 1: BIT — TEST BITS 

Bit 6 and 7 are traneferred to the status register. If the 
result of A A M IS zero then Z'^. otherwrse Z=0. 



PROGRAMMING MODEL 



ACCUMULATOR 



PCL 



INDEX REGISTER X 



01 



STACK POINTER 



N 


V 


B 


D 


1 


Z 


c 



CARRY 
ZERO 

INTERRUPT DISABLE 
DECIMAL MODE 
BREAK COMMAilO 
OVERFLOW 

mmmm 



101 



"P" status Rio 
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"P " Status Rig. 
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APPLE II HARDWARE 



1. Q«tt!wg War^ wflh Y©uf APPLE II feard 

2. APPLE II Switching Power Supply 

3. Interfacing with the Home TV 

4. Simple Serial Output 

5. Interfacing the APPLE — 

Signals, Loading, Pin Connections 

6. Memory — 

Options, Expansion, Map, Address 

7. System Timing 

8. Schematics 



GETTING STARTED WITH YOUR APPLE II BOARD 



INTRODUCTION 



ITEMS YOU WILL NEED : 

Your APPLE II board comes completely assettljlisd mi thtroufhly twteJtJ, 
You should have received the followini: 





1 ea. 


APPLE 11 P*C. Board complete wHk 






specified RAM memory. 


b. 


1 ea. 


d^c. power coTrneGtor' with ctbli* 


c. 


1 ea. 


2" speaker with cable. 


4. 


1 ea. 


Pralmln^ry [-tanuil 


e. 


1 


Demonstration cassette tapes. (For 4K: 1 cassette {2 procrams 






16K or greater: 3 cassettes. 


f. 


2 ea. 


16 pin headers plugged into locations A7 



mi JH * 



In addition yoLi vn'll need: 

g, A color TV set (or B & W) equipped with a direct 
video input connector for best performance or a com- 
mercially available RF modulator such as a "Pixi-verte^^ 
Higher channel (7-13) modulators generally provide 
better system performance than lower channel modulators 
(2-6) . 

h. The following power supplies (NOTE: current ratings 

d© not include any capacity fw ptHtihartl tearts.): 

T* +12 Volts with the following current capacity! 

a. For 4K or 1$IC systtma - 350mA. 

b. Fdr BR. Z0I or 3m - SifmA. 

c. For 12K, 24K, 35K or 48K - 850mA. 

2. +5 Volts at 1 .6 amps, 

3. -i yoTts at IpT^. 



4* OPTIONAL: If -12 Volts is reouired by your keyboard* 
(If using an APPLE II supplied keyboard, you will 
need -IZM it 5^A.] 
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An audio cassette recorder such as a Panasonic model 
RQ-309 DS which is used to load and save progrM. 

j. fm /BCII encoded ktyboard s^utpped with i "res^t" 
switch. 

tefele for tfte foil owing: 
1. Keyboard to APPLE IT P'.C.B. 
Z. Video out 75 ohm cable to TV or modulator 
3, Cassette to APPiE II P.G.B, {1 m 2) 
Optionally you may desire: 

1. Game paddles or pots with cables to APPLE II Game I/O 
connector. (Several demo prggmm tlit PDL(O) iii 
"Pong" also uses PDi(l). 

ra Case to hold all the alow 

Final Assembly Stfps 

U Using detailed information on pin functions in hardware 
section of manual, connect power supplies to d.c. cable 
assembly. Use both ground wires to miminfff retlstanci. 
With cable assembly disconnected from APPLE II mother 
board, turn on power supplies and verify voltages on 
connector pins. Improper supply eonttrtiifP is re- 
verse poltrity cm sevamly damage your APPLE IL 

2. Connect keyboard to APPLE II by unplugging leader in 
location A7 and wiring keyboard cable to it, then plug 
back fnw APPLE II P.C.B. 

3. Plug in speaker cable* 

4. Optionally connect one or two game paddles using leader 
suppltM iw Mcicet locitpd at J14. 

5. Cannect vide® cable. 

6. Connect cable from casstttl iWfiit0r output ti APPlE 11 
cassette input. 

7. Check to see that APPLE 11 IwM is mt contiGting fcr^ 
eonducting surfadg. 

8 With power supplies tmmi ©ff^ pl^f 1^ Vmw coniiect0ir 
to mother board then reebick all cablaing. 
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mm m 



1. Turn power on. If power supplies overload, immediately turn off 
iflrf recheck power cable wiring. Verify operating supply voltages 
ifi wtthin +3% of nominal value. 

1. fm rnhrnM MW have random video display. If »t check video 
level pot on mother board, full clockwise is maximum video out- 
put. Also check video cables for opens and shorts. 



3, Press reset button. Speaker should beep and a "*" prompt 
character with a blinking cursor should appear in lower 
left on screen. 



4. Prmn "mc'' button, release and type a "0" (shift-P) to 
clear screen.- You may now try "Monitor" commands if you 
wish. See details in "Monitor" software section. 



RUNNING BASIC 

1, Turn power on; pre§!t «i§ft brttwi type "control B" and press 
return button. A ">" prompt character should appear on screen 
indicating that you are now in BASIC. 

2. Load one of the supplied demonstration cassettes into recorder. 
Set recorder level to ipprQ^iTOtel^ 5 and start recorder. Type 
"LOAD" and ftfUffl. P#f| h€€p inifmtm ttmt AFPLE II tes found 
beginning of program; second indicates end of program followed 
by chiraQter on screen. If error occurs on loading, try a 
dtfftfWt €mo tape or try changing cas5€±te ¥ti1u» ftftl . 

3- Type RUN and carriage return to execute demonstration program. 
Listings of the^sa ire In^lydM fn tte ^mt i«tf« §f tltti 



m 



mE smM 11 mnmim ram ^icf 



Switching power supplies generally have both advantages and peculiarities 
not generally found in conventional power si^pltes. The Appla II mm 
is ia:^ed to review thii 



four Apple II is equipped iKttt an AC line 
voltage filter and a three wire AC line cord. 
It is inportant to mate sure that the third 
wire is returned to aaertS gwuad* Ise a con- 
tinuity checker or otmneter to ensure that 
the third wire is actually returned to earth, 
Cte^timdty ^ould be checdeed for between the 
power supply case and an available water pipe 
for exaiiple. The line filter, wiiich is of a 
type app3x>ved by tonestic (U.L. CSA) and 
international (VDE) agencies must be returned 
to earth to function properly and to avoid 



Thf ma TI power supply fs of the ^^flyback" switching type. In 
this system, the AC line is rectified directly, "chopped up" by a h1§h 
frequency oscillator and coupled through a small transformer to the 
diodes, fnterf, etc., and results tn four low voltage DC supplies to 
run APPLE II. The transformer isolates tfti DC supplies from the line 
and is provided with several shields to prevent "hash" from being 
coupled into the logic or peripherals. In the "flyback" system, the 
energy transferred through from the At lim tide to DC supply if If 
stored in the transformer's inductance on one-half of the operating 
cycle, tten tfansfeffed to the output filter capacitors on the second 
half of the operating cycle. Similar systems are used in TV sets to 
provide horizontal deflection mi the high voltages to run the CRT. 

Regulation of the DC voltages fs aonompllshe^l by cmtrollifig the 
frequency at which the converter operates; the greater the output power 
needed, the lower the frequency of the converter. If the converter is 
overloaded, the operating frequency will drop into the audible range 
with squeels and squawks warning the user that something is wrong. 

All DC outputs are regulated at the same time and one of the foul' 
outputs (the +5 volt supply) is compared to a reference voltage with 
the difference error fed to a feedback loop to assist the oscillator 
in running at the needed frequency. Since all DC outputs are regulated 
together, their voltages will reflect to some extent unequal loadings. 
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Far example; If the +S supply Is loinJiil rmy FfCTviTy, thift all 
other supply voltages will increase in voltage slightly; conversely, 
very 1 ight loading on the +5 5upply and he^vy loading on the +12 
supply wiff cawsB bott^ it and tm ethers sag lightly. If precision 
reference voltages are needed for peripheril applications, they should 
be provided for in the peripheral design. 

In general, the APPLE 11 design is conservative with respect to 
component ratings and operating termperatures. An over-voltage crowbar 
shtft#wrr §j^«i m6 an awtllfary contfti fMdftick Imp ar^ providedl 
to ensure that even very unlikely failure modes will not cause damage to 
the APPLE II computer system. The over-voltage protection references to 
the DC output voltages only. The AC line voltagu Input ifiUtt it itfiMn 
the specified limits, i.e., 1(37V to ISZV. 



Under no circumstances, should more 
than 14p VAC be applied to the input 

win result. 



Since the output voltages are controlled by changing the operating 
frequency of the converter, and since that fwpency has m uppet* limit 
determined by the switching speed of power transistors, there then must 
be a minimum load on the supply; the Apple II board with minimum memory 
(4K) is well above that minimum load. However, with the board 4iseon^ 
nected, there is no load on the supply, and the internal over-voltage 
protection circuitry causes the supply to turn off. A 9 watt load 
distributed rmgMy SS-5Q btti^^n ttm +B and +it ittpply ii ttee n«r1nil 
minimMm Imd. 

f^iml lomi wrrent raticJi art: The +I2V supply load is % thtt #f thi *S¥. 

The - 5V supply load is 1/1)3 that of the +5V. 
The -12V supply load is 1/10 that of the +5V. 

The supply voltages are +6.p + p. 15 volts. +11.8 + 0.5 volts, -12.0 + If, 
-5.2 + 0.5 volts. The tolerances are greatly reduced when the loads are 
close to nominal . 



The Apple II power supply will power the Apple II board and all present 
and forthcoming plug-in caHs, we recommend the use of low power TTL* 
etc. so that the total power drawn is within the thermal limits of the entir# 
system. In particular, the user should keep the total power drawn by any 
one card to less than 1.5 watts, and the totfl WTOrt dfWh by all tha »rts 
together within the following limits: 



+ 12V 
+ 5V 

- 5V 

- 12V 



use no more thtn 

use no more than 5(3^ mA 

use no more than 2(3^ mA 

use no rftore than fflft 



The power supply is allowed to run indefinetly under short circuit 
or open circuit conditions. 



Ill 



CAUTION: There are dangerous high 
voltages inside the power supply 
case. Much of the internal circuitry 
is NOT isolated from the power line, 
and special equipment is needed for 
service. NO REPAIR BY THE USER IS 
ALLOWED. 



mm m iwimmmB with m rwe if 



Accessories are available to aid the user in connecting the Apple II 

systM W i tat TV with' t mInteM ^ trdifble, Thesi onftt tft mi}M 
"RF Modulators" and they generate a radio frequency signal corresponding to 
the carrier of one or two of the lower VHF television bands; 61.25 MHz 

[jphaiJirwl 11 » fl^illte ft tai»S1 "IMm W Mwm% It, Urn mM^UA vfth 
tteeowtiQSlttvWaQ slgrril ginef atPd by the Apple II. 

l^irt rspft success with the fcTTowIng RF modulitofsi 

the "PixieVerter" (a kit) 

AT¥ tesearch 

13th and Broadway 

Dakota City, Nebraska 68731 

the "TV-1" m} 
UHf Associates 

§017 Haviland Avt* 

whittfgr, CA mmi 

M&R Enterprises 
P.O. Box 1011 
Sunnyvale, CA M'tK 

the RF Modulator (a P.C. board) 

£1«treipTf« Systems 
P.O. Box 212^ 
Burlingame, CA 94010 

Most of thf atove ar0 avfi labia thratrgh iMil cciinputar stirM. 

The Apple II owner who wishes to use one of these RF Modulators should 

rmi the ft3Tl©ring notes careful Ty. 

All these modulators have a free running transistor oscillator. The 
MIR Enttfprfsei tinit is pre-tuned t0 Ctenne! The PixieVerter and the 
TV-1 have tuninq by means of a jumper on the P.C. board and a small trimmer 
capacitor. All these units have a residual FM which may cause trouble if 
the TV set in use has a IF pass band with ilg»i1vf flpplf* Thl mit fmni 
M&R has the least residual FM. 

All the units except th© WW unit ire kits to be built and tuned by 
the "ustomer. All the kits are incomplete to some extent. The unit from 
Electronics Systems is just a printed circuit board with assembly instructions* 
The kits from UHF Associates and ATV do not have an RF cable or a shielded 
box or a balun transformer, or an antenna switch. The M&R unit is complete. 

Some cautions are in order. The Apple II, by virtue of its color qraphics 
capability, operates the TV set in a linear mode rather than the lM% contrast 
mode satisfactory for displayinq text. For this reason, radio frequency inter- 
ference (RFI) generated by a coiipr^r ftr pfel^hj^tlij i^rlll htit with the 
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carrier of the RF modulator to pfOifuce fafnt s1>uH«tS tet^round patterns 
leaned "v«f«tt") This RFI "trash" must be of quite a low level if worms 
are to be prevented. In fact, these spurious beats must be 40 to 5pdb 
below the signal level to reduce wornis ttf an acceptable level, men ft IS 
remembered that only 2 to 6 mV (across 3(^9^) is presented to the VHP input 
of the TV set, then stray RFI getting into the TV must be less than 50yV 
to obtain a clean picture. Therefore we retonweM' ttet a fowj, m-m 
cable be used to carry the signal from any modulator to the TV set, such 
as RG/59U (with copper shield), Belden #8241 or an equivalent miniature 
type such as Belden #8218. We also recommehd that the RF fflodulttor be 
enclosed in a tight metal box (an unpainted die cast aluminum box such as 
Pomona #2428). Even with these precautions, some trouble may be encounterec 
with worms, and can be greatly helped by tWrfetding the cam ctMe 
ecting the moiuTirtor to the TV set repeatedly through a Ferrite toroid Gflre. 
Apple Computer supplies these cores in a kit, 'along with a 4 circuit 
connector/cable assembly to match the auxilliary video connector found on 
life Apple II board. This kit has order number A2M^)1^X. The M&R "Sup-r-Mod 
Is stipplied with a coax cable and toroids. 

Any comprtgr containing fast switching logic and high frequency clocks 
will radiate some radio frequency energy. Apple II is equipped with a 
good line filter and many other precautions have beeft ttk«fi to fttirfwrie 
mdiated energy. The user is urged not to connect "antennas to this 
computer; wires strung about carrying clocks and/data will act as antennas, 
and subsequent radiated energy may prove to be a nuisance. 

Another caution concerns possible long term effects on the TV picture 
tube. Most home TV sets have "Brightness'^ and "Contrtst*' contwis with a 
very wide ranqe of adjustment. When an un-changing picture is displayed 
with high brightness for a long period ,a faint discoloration of the 
TV CRT may occur as an inverse pattern observable with the TV set_^ 
turned off. This condition may be avoided by keeping the "Brightness 
turned down slightly and "Contrast" moderate. 
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A SIMPLE SERIAL OUTPUT 



The Apple II is equipped with a 16 pin DIP socket most frequently 
used to connect potentiometers, switches, etc. to the computer for 
paddle control and other game applications. This socket, located at 
J-14, has outputs available as well. With an appropriate machine 
language program, these output lines may be used to serialize data in 
a format suitable for a teletype. A suitable interface circuit must 
be built since the outputs are merely LSTTL and won't run a teletype 
without help. Several interface circuits are discussed below and the 
user may pick the one best suited to his needs. 

The PSR - 33 Teletype 

The ASR - 33 Teletype of recent vintage has a transistor circuit 
to drive its solenoids. This circuit is quite easy to interface to, 
since it is provided with its own power supply. (Figure la) It can 
be set up for a 20mA current loop and interfaced as follows (whether 
or not the teletype is strapped for full duplex or half duplex oper- 
ation): 

a) The yellow wire and purple wire should both go to 
terminal 9 of Terminal Strip X. If the purple wire 
is going to terminal 8, then remove it and relocate 
it at terminal 9. This is necessary to change from 
the 60mA current loop to the 20mA current IcKjp. 

b) Above Terminal Strip X is a connector socket identi- 
fied as "2". Pin 8 is the input line + or high; Pin 
7 is the input line - or low. This connector mates 
with a Molex receptacle model 1375 #(J3-09-2151 or 
#03-09-2153. Recommended terminals are Molex #02-519- 
2136. An alternate connection method is via spade lugs 
to Terminal Strip X, terminal 7 (the + input line) and 
6 (the - input line). 

c) The following circuit can be built on a 16 pin DIP 
component carrier and then pluqged into the Apple's 
16 pin socket found at J-14: (The junction of the 
3.3k resistor and the transistor base lead is float- 
ing). Pins 16 and 9 are used as tie points as th^ 
are unconnected on the Apple board. (Figure la). 
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The "RS - 232 Interface" 

For this interface to be legitimate, it is necessary to twice invert 
the signal appearing at J-14 pin 15 and have it swing more than 5 volts 
both above and below ground. The following circuit does that but requires 
that both +12 and -12 supplies be used. (Figure 2) Snipping off pins 
on the DIP-component carrier will allow the spare terminals to be used for 
tie points. The output ground connects to pin 7 of the DB-25 connector. 
The signal output connects to pin 3 of the DB-25 connector. The "protective" 
ground wire normally found on pin 1 of the DB-25 connector may be connected 
to the Apple's base plate if desired. Placing a #4 lug under one of the 
fmr power supply mounting screws is perhaps the simplest method. The +12 
volt supply is easily found on the auxiliary Video connector (see Figure S-11 
or Figure 7 of the manual). The -12 volt supply may be found at pin 33 of 
the peripheral connectors (see Figure 4) or at the power supply connector 
[see Figure 5 of the manual}. 

A Serial Out Machine Center Language Program 

Once the appropriate circuit has been selected and constructed a machine 
language program is needed to drive the circuit. Figure 3 lists such a tele- 
type output machine language routine. It can be used in conjunction with an 
Integer BASIC program that doesn't require page $300 hex of memory. This 
program resides in memory from $370 to $3E9. Columns three and four of the 
listing show the op-code used. To enter this program into the Apple 11 the 
following procedure is followed; 

Entering Machine Language Prograpi 

1. Power up Apple II 

2. Depress and release the "RESET" key. An asterick 
and flashing cursor should appear on the left hand 
side of the screen below the random text matrix. 

3. Now type in the data from columns one, two and three 
for each line from $370 to 03E9. For example, type in 
'*370: A9 and tten fepwsf and release tti^ ''RETUM" 
key. Then repeat this procedure for the data at $372 
and on until you complete entering the program. 

EWiMting thfs Pri^ntm 

1. From BASIC 1 CALL 880 ($370) will §tift the l«rtfii if 
this program. It will use the teletype or suftabli Sf 
column printer as the primary output device* 
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PR#0 will inactivate the printer transfering control 
back to the Video monitor as the primary output device. 

3* In Monitor mode $370G activates the printer and hitting 
the "RESET" key exits the program. 

Saving the Machine Language Program 

After the machine language program has been entered and checked for 
accuracy it should, for convenience, be saved on tape - that is unless 
you prefer to enter it by keyboard every time you want to use it* 

The way it is saved is as follows: 

1. Insert a blank program cassette into Um tipt 
recorder and rewind it. 

2, Hit the "RESET" key. The system should move 
into Monitor mode. An asterick "*" and flash- 
ing cursor should appear on the left-hand side 
of the screen. 

4. Start the tape recorder in record mode and depress 

tM «»TW ley . 

5. When the program has been written to tape, the asterick 
and flashing cursor will r^ppMf. 

The Progrlwn 

After entering, checking and saving the program perform the following 
procedure to get a feeling of how the program is used: 
1> (control B) into BASIC 

2. Turn the teletype (printer on) 

3. Tyj^ in the followir^ 

10 CALL 880 

15 PRINT "ABGD...XYZ^im45fi7a3" 
20 PR#0 
25 END 

4. Type in RUN and hit the "MttJWI" fogy. Thl 
text in line 15 should be printed on the 
teletype and control is returned to the key- 

tetrd md 1lldi$ niofritof ^ 



Hi 



Line 10 activates the teletype machine routine and all "PRINT" state- 
ments following it will be printed to the teletype until a PR#0 statement is 
encountered. Then the text in line 15 will appear on the teletype's output. 
Line 20 deactivates the printer and the program ends on line 25. 

Conclusion 

With the circuits and machine language program described in this paper 
the user may develop a relatively simple serial output interface to an ASR-3: 
or RS-232 compatible printers. This circuit can be activated through BASIC 
or monitor modes. And is a valuable addition to any users program library. 
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OUTPUT TO TELETYPE 



msmrom iM watt c&mm 




(a) 



FISURE 1 ASR-3.S 



m 



+ 12 (JUMPERED TO H2 SUPPLY) 




m ^^^ffiTO TO -It fyp^^ 



FIGURE 2 ES-232 
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3t42 P.M.* I l/lS/1977 
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7lt%S *TELETYPE DRIVE'^ ROUTINES' 

4t 4e * 4c ift It 4e * #c 4c 4c 4c 1( 4e it # 4t 4e « tic # 4e # « 



^AG£ : 1 



TTYDHI7EH: 
TELETYPE OUTPUT 
ROUTINE FOR 72 
eOWKM PRINT VITW 
SASIC LIST 

COPYRIGHT 1977 BY: 
APPLE COMPUTER INC- 
11/15/77 



m 
* 

♦ + + * + + + * + + + + + **** m 

VWDWDTH 
CH 

CSWL 

YSAVE 
COLCNT 
MARK 
SPACE 
WAIT 



R. 
S. 



VIGG INTOW 
WQZNIAK 



OVERFLOW 
TTINITs 



IN 



TTOUT: 



TfOUf 



TSS^TGTBLs 



PR'MTf Ts 



EQU 


S21 


;for apple- 1 1 


E3U 


$24 


;CURSOR H0RI2. 


EQU 


S36 


ICaAR. OUT SWITCH 


EQU 


S778 




EQU 


i7F8 


; COLUMN COUNT LOC* 


EQU 


SC053 




EQU 


SC059 




EQU 


SFCA8 




ORG 


S370 




LINE 


27 




LDA 


#TTOUT 




STA 


CSVL 


J POINT TO TTY ROUTINES 


LDA 


#TT0UT/256 


;HIGH 3YTE 


STA 


CSVL+1 




LDA 


#72 


;SET ^.TIWDOV '-^IDTH 


STA 


t-;ndwdth 


;T0 NUK3ER COLUMNS QNT 


LDA 


CH 




STA 


COLCMT 


;¥HERf tIE ARE NO^ 


RTS 






PHA 




;SAVE TWICE 


WA- 




JON STACK. 


LDA 


COLCNT 


; CHECK FOR A TA3. 


CMP 


CH 




PLA 




1 RESTORE OUTPUT CHAR. 


acs 


testctrl 


Sir C SET^ NO TA3 


PHA 






LM 




;PRINT A SPACE. 


BIT 


RTS I 


;TRICK TO DETERMINE 


B£Q 


prntit 


; IF CONTROL CHAR. 


IMC 


COLCNT 


lir NiT* Am ONE TO CB 


JSR 


DO CHAR 


; PRINT THE CHAR ON TTY 


PLA 




; RESTORE CHAR 


PMA 




PUT BACK ON STAC« 


3CC 


TT0UT2 


;D0 MORE SPACES FOR Ti 


EOR 


#SOD 


; CHECK FOR CAR RET. 


ASL 


A 


lEti'ic mm'Tf 


mz 


FINISH 


lir MftT CRj DONE* 
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C0LC>JT 


03A6 : 


A9 
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mmt. 


A9 
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03AD: 


20 


A3 


FC 
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AD 


F8 


07 


59 
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COLCNt 
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3£Q 


SETCH 


0335 : 


£5 


21 




61 
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0337: 


£9 


FT 
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■WMWf 




m 


04 




63 
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69 


IF 
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mQ 
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85 


24 
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STA 
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8C 
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AO 
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90 
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03D0: 
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§%m 
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E3 
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RTS 




^ U C C E S SF U L 


ASSEMBLY: 


NO 


E^.ROHS 



;CLEAR COLUMN COUMT 
;N0V do line FEED 



;200MSEC DELAY FOR Lli 

l^eHSG!< IF IN M^^IN 
JFOR CR^ RESET CH 
;IF SO* CARRY SST. 



; ADJUST CH 



; RETURN TO CALLER 
PRINT A CHARACTER IKPEtl' I M't i 

TSAVE STATUS* 
t\\ Slff ft ST^RT, * 
;3EGIN VITH SPACE C STl 
;SAVE A REG A^^D SZT FOI 

ISS^IO A 5FAC2 

J SEND A MARK 
; DELAY 9.05 1 MSEC FOR 
; 1 1 BAUD 



JNEXT BIT (STOP SITS 
LOOP I 1 3ITS. 

^RESTORE Y-REG. 

; RESTORE smim 

^ RETURN 



fmm. a 
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TTIMIf 


0370 






TTOUT 








TT0UT2 


03*? 4i 


nn^ n 






03C8 






TT0UT4 


03D3 


nn 7ft 




UA I T 




(-» r- O 
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FIGURE 3c 



121 



This seetion defines the connections by whlBh external devices are 
attached to the APPLE II board. Included are pin diagrams, signal 
descriptions, loading constraints and other useful information. 

rmti m kwtehts 

1. OTNECTOR LOCATIOS BIASS« 

2. CASSETTE DATA JACKS (2 EACH) 

3. mm I/O CONNECTOR 

4. KEYBOARD COlWIECTOft 

5. PERIPHERAL CONNECTORS (8 EACH) 
fi. WWER COiNECTOR 

7 . SPEAKER raNMEGTOl 
8. VIDEO OUTPUT JACK 
S, ttOEO OUTPUT CONHEGTOR 



Iff 



Figure lA APPLE II Board-Complete View 
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CASSETTE JACKS 



A convenient means for interfacing an inexpensive audio cassette 
tape recorder to the APPLE II is provided by these two standard 
(3.5mni) miniature phone jacks located at the back of the APPLE II 
board. 



CASSETTE DATA IN JACK : Designed for connection to the "EARPHONE" 
w "W0NITOR" output found on most audio cassette tape recorders- 
ViN=lVpp (nominal), Z.,y=12K Ohms. ' Located at K12 as illustrated !e 
Figure 1, ^'^ 



CASSETTE DATA OUT JACK : Designed for connection to the "MIC" or 
«mCMFTOi^ input found on most audio cassette tape recorders. 
V«^^=25 mV into l^TOfOhms, Z^..^=l 00 Ohms, Located at K13 as illustrated 
in Figure 1 . 



GAME I/O CONNECTOR 

The Game I/O Connector pfiftdtt i wmm cortneeting paddit e^Htfdli, 
lights and switches to the APPLE II for use in controlling video gamei, 
etc. It is a 16 pin IC socket located at J14 and is illustrated in 
Figure 1 and 2. 



Figure 2 GAME I/O CONNECTOR 
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SIGNAL DESCRIPTIONS FOR GAME I/O 

ANgf-AN3: 8 addresses (C058-Cgf5F) are assigned to selectively 

"SET" or "CLEAR" these four "ANNUNCIATOR" outputs. 

Envisioned to control indicator lights, each is a 
74LSXX series TTL output and must be buffered if used 
to drive lamps. 

CPI STB* A utility strobe output. Will go low during 02 of a 

* ^ga^j or write cycle to addresses C949-C94F. This is 

a 74LSw^ serfes TTL output. 

GND: System circuit ground. Volt line from power supply. 

PWe^TOLS* Saddle control inouts. Requires a 0-150K ohm variable 
^^^^^^^^e and +5V for etth paddle. Irtiwal 100 ohm 
resistors are nrovided in series with external pot to 
Jre^ent e^^^ goes completely to zero 

ohms. 

SW0-S_W2: Switch inputs. Testable by reading from addresses 
" C061-C063 (or C069-C06B). These are uncommitted 

74LSM strits fnptits- 

+5V: Positive 5-Volt supply. To avoid burning out fte «lifiiite* 

pifl, current riratfn MUST te Itss than lOftrt. 



KEYBOARD CONNttTOR 

This connector provides the means for connecting as ASCII keyboard 

to the APPLE II board. It is a 16 pin IC socktt lot^tad It A7 mi 1i 
illustrated in Figures 1 and 3. 



TOP VIEW 

( Front Edge of PC Board) 
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SIGNAL DESCRIPTION FOR KEYBOARD INTERFACE 



11 -i7 : 7 bit ASCII data from keyboard, positive logic {hi^h 1evel=» 
"1"), TTL logic levels expected. 

GND; S^itw circi/it ground. $ V«iU Hni frm power sypply, 
NCr lia connection, 

RESET: System reset input. Requires switch closure to ground. 

STROBE : Strobe output from keyboard. The APPLE II recOfnlzes the 
positive going edge of the incoming strobe. 

+§V^ Positive 5-Volt supply. To avoid burning out th@ COTni^tW 
pin, current drain MUST be less than IppmA. 

-12 V; Negative 12-Volt itipply. Keyboard ihould draw Ifss than 
50mA. 



PERtPHERftl CWiNECTORS 

The eight Peripheral Connectors mounted near the back edge of the 
APPLE II board provide a convenient means of connecting expansion 
hardware and peripheral devices to the APPLE II I/O Bus. These are 
Winchester #2HW25C0-111 (or equivalent) 50 pin card edge connectors 
with pins on .ip" centers. Location and pin outs are Illustrated 1n 
Figures 1 and 4. 



SIGNAL PESCRIPTIQN FQR PERIPHERAL I/O 

A0-A15: 16 Mt tystem addmss bus. Adrfrifies are set up by the 
66i2 within SMnS after the beginning of 0-,. These lints 
will drive up to a total of 16 standard TTL loads. 



-DEVICE SELECT : Sixteen addresses are set aside for each peripheral 
connector. A read or write to such an address will 
send pin 41 on the selected corinector low during 0p 
(5p(3nS). Each will drive 4 standard TH Idads. 

D^-D7 : 8 bit system data bus. During a write cycle data is 

set up by the 6502 less than 300nS after the beginning 
of During a read cycle the 6502 expects data to 
be ready no less than 100nS before the end of 02- 
These lines will drive up to a total of 8 total low 
power s^hrttky TTL loads. 
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Direct Memory Access control output. This line has i 
3K Ohm pull up to +5V and should be driven with an 
open coTltetw OTtput. 

Direct Memory Access daisy chain input from higher 
priority peripheral devices. Will present m Mf^f 
than 4 standard TTL loads to the driving devi®, 

Ofreet ftemory Access daisy chain output to l^r 
priority peripheral devices. This line will dHvt 
4 stcindard TTL loads. 

SystMi «^!fcu1t ground, i Mlt Tim frm ppww mipplf * 

Inhibit line. When a device puTI^ tM'B Ifnt Im, all 
ROM's on board are disabled (Hex addressed D000 thrpagtl 
FFFF). This line has i 311 Ohm pullup to +5V and 
should be dr^^mn wfttr m iSpm MlTtetor output. 

Interrupt daisy chain input from higher priority peri- 
pheral devices. Will present no more than 4 stin^trd 
TTL loads to the driving device. 

Interrupt daisy chain output to lower priority peri- 
pheral devices. This line will drive 4 standard TTL 

loads* 

256 addresses are set aside for each peripheral connector 
(see address map in "MEMORY" section). A read or write 
of such an address will send piii 1 «m fit itft^tM 
connector low during 0^ (5linS}* TW% It ns will drive 
4 standard TTL loads. 

Bin 20 on all peripheral connectors will go low during 
0„ of a read or write to any address C8(^0-CFFF. This 
iTne will drive a total of 4 stOTrfifd TTL loads. 

Interrupt request line to the 6502. This line has ci 
3K Ohm pull up to +5V and should be driven with aft: t^m 
collector output- It is active low. 

No TOmefttan. 

Non Maskable Interrupt request line to the 65p2. This 
line has a 3K Ohm pullup to +5V and should be driven with 
an open collector output. It is active low. 

A iMHz (nonsymmetrical) general purpose tfrntef signal. Will 
drive up to a total of ]i rtindard TTL ImM. 

''mMf Tfne to tte SSff. Thft Tine sFioald change only 
during 0., and when low will halt the microprocessor at 
the next READ cycle. This line has a 3K Ohm pullup to 
+5V 6fnd should be driven wfth an apen toTTector output. 

Reset line from "RESET" key on keyboard, Active low. Will 
drive 2 MOS loads per Peripheral Cfflit&tir, 



lift 



R/W 



READ/WRITE line from 65]02. When high tndfcates tftit a fmi 
cycle IS in progress, and when low that a write cycle is 
in progress. This line will drive up to a total of 16 

standard TTt Imis. 



USERJ.: The function of this line will be described in a later 
document. 

0^ Microprocessor phase r/ clock. Will drive up to a total of 

16 standard TTL loids. 

Ill Phase 1 clock, complement of Will drive up to a total 

of 15 standard TTL laads. - 

m Seven MHz high frequency clock. Will drive up to a total 

of 16 standard TTL load*. 

£fff: Positive 12-Volt supply. 

15V: Possitive 5-Volt supply 

-5V : Nfiff ttve 5-fOlt supply, 

-I^V : MeptfvB 12-Volt supply. 



POWER CONNECTOR 

The four voltages required by the APPLE II are supplied via this 
AMP #9-35028-1,6 pin connector. See location and pin out in Figures 

1 and 5. 

PIN DCSCRIPTIOM 



GND : (2 pins) system circuit ground. Volt line from power 

supply. 

+12V : Positive 12-Volt line from power supply. 

+5V : P^Diftiti B-Volt line frm pamr supply. 
-5V; Megattve S-¥oTt line from powfr supply. 

-12V : Negative 5-Volt line from power supply. 
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Mgwre 4 PERIPHERAL CONNECJfOBS 

(EIGHT OF EMHf 

TOP VIEW 
PiNOUT (Back Edge of PC Board) 
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( Taward Front Edge of PC Board) 

LOCATIONS J2 TO J12 



Figure 5 



POWER CONNECTOR 



FINmiT 



TOP VIEW 

( Toward Right Side of PC Board) 



imyS/WHITE WIRE) - J2V 
Ci/IRE) GND 




-5V (BLUE WIRE) 
GND (BLACK WIRE) 



LOCATION K1 
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SPEAKER CONNECTOR 



TMs 1s f MOLEX KK 100 series connector with two .25" square pins on 
j0" centers. See location and pin out in Figures 1 ilt Us 

SIGNAL DESCRIPTION FOR SPEAKER 

mmt Output line to speaker. Will dd1«r tteut .5 watt into 
™ 8 Ohms. 



Figure 6 



SPEAKER CONNECTOR 
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Right Edge of PC Board 

LCX2ATI» B14A 



viDEg-ftjTMT mm. 

Thi<= standard RCA phono jack loeatei m the back edge of the APPLE II 
Ic. toa?d will supply NTSC compatible, HA standard, positive composite 
video to an external video monitor. 

A video level control near the connector allows output level to be 
adjusted from $ to 1 Volt (peak) into an external 75 OHM load. 

Additfonal tint Ihuel ri«gi is pro«ided by m adjustable trimmer capacitor 
See locations illustrated in Figu« 1, 
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AUXILIARY VIDEO OUTPUT CONNECTOR 



This is a MOLEX KK 100 series connector with four .25" square pins 
on .10" centers. It provides composite video and two power supply 
voltages. Video out on this connector is not adJystabTa by thw m 
board 200 Ohm trim pat. See Figures 1 and 7. 



SI6NAL DESCRIPTION 

0fDi System cireult grmnti, Vslt TinB ftm p^mr supply. 

VIDEO : NTSC compatible positive composite VIDEO. DC coupled 
emitter follower output (not short cireuft prettcttd}- 
SYNC TIP is Volts, black level is about .75 Volts, and 
white level is about 2.0 Volts into 470 Ohms. Output level 

la non-adjustible. 

+12V : +12 Volt line from power supply. 

-5V : ^5 Wt lim fTQB pmmr wpplf. 



Figure 7 



AUXILIARY VIDEO OUTPUT CONNECTOR 
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INSTALimg YOUR OWN RAM 



TH£ POSSIBILITIES 

The APPLE II computer is designed to use dynamic RAM chips organized 
as 4096 X 1 bit, or 16384 x 1 bit called "4K" and *'16K" RAMs 
respectively. These must be used in sets of 8 to match the system 
duta bus (which is 8 bits wide) and are organized into rows of 8. 
Thus, each row may contain either 4096 (4K) or 16384 (16K) locations 
of Random Access Memory depending upon whether 4K or 16K chips are 
used. If all three rows on the APPLE II board are filled with 4K 
RAM chips, then 12288 (12K) memory locations will be available for 
storing programs or data, and if all three rows contain 16K RAM 
chips then 49152 (cwnQnly ailed 481) locations iof MM mmmry will 
exist on board; 



RESTRICTIONS 

It is quite possible to have the three rows of RAM sockets filled with 
any combination of 4K RAMs, 16K RAMs or empty as long as certain rules 
are fol lowed: 

1. All sockets in M rm must have the same type (4K or 16K) 



2. There MUST be RAM isilptd to the zero block of addresses. 



ASSIGNING RAM 

The APPLE II has 48K addresses twilaMi iiilpM^t if RAM memory. 
Since RAM can be installed in increments as small as 4K, a means of 
selecting which address range each row of memory chips will respond 

tp his bmn prO¥i4ecl Ijy the incliiiJon of thrae MEMOfitY SELECT sockets 
on toifd* 



RAMs . 



MEMORY SELECT SOCKETS 



TOP VIEW 



PiNCHiT 



(OOOO-OFFF) 4K "0" BLOCK 
(1000-1FFF) 4K "1" BLOCK 
^300-2FFF) 4K "2" BLOCK 
(3000-3FFF) 4K "3" BLOCK 
(4000-4FFF) 4K "4" BLOCK 
(5000-5FFF) 4K "5" BLOCK 
(8000-BFFFO 4K "S" BLOCK 
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TABLE OF CONTENTS 

1 . iNTRQOtiCTlON 

2. INSTALLING YOUR OWN RAM 

3. MEMORY SELECT SOCKETS 

4. MEMORY MP BY 4K BLOCKS 

5. DETAILED MAP OF ASSIWED ADDRESSES 

INTRODUCTION 

APPLE II is supplied completely tested with t^'e specified iWUnt of 
KemoryiS correct select jumpers, Thtrt are five different 

sets of stttidird metwsrir jumper blocks: 

1. 4K 4K 4K BASIC 

2. 4K 4K 4K HIRES 

3. 16K 4K 4K 

4. ISM m 4K 
§. 16R 16K 16K 

A set of thr«t eteh of one of the above is supplied with the board. 
Tvofl is supplied with 4K or 8K systems. Both type 1 and 2 are 
I^ppl eJ wU ' 2K sJstems. Type 1 is a contiguous memory range for 
maximum BASIC program size. T^e 2 is non-contiguous and allows 8K 
ded cated to HIRES screen memory with approximately 2K of user BASIC 
soace Type 3 is supplied with 16K, 20K and 24K systems. Type 4 
with 30K and 36K systems and type 5 with 48K systems. 

Additional memory may easily be added just by plugging into sockets 
along with correct mmtf jumper blocHs. 

Tho microorocessor generates a 15 bit address, ^1ch mms 
SssffcoS^ir^allirfiinifferent memory locations to be specified, 
?or oi$Sce we represent each 16 bit (binary address as a 4.digit 
SexaSi number. Hexadecimal notation (hex) is explained m the 
Monitor section of this manual. 

In the APPLE II, certain address ranges have been assign«f to 
memory. ROM memory, tht If§ and hardware functions. The memory 

md tddrass mps give the dfi^ils. 
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MEMORY SELECT SOCKETS 



The location and pin out fQf ruiroorj^ Sfleet swtets art iTIttftriMd 
in Figures 1 and 



HOW TO USE 

Tter« are three MEMORY SELECT S00tetls. Twited tt El tnd FT 
respectively. RAM memory is assigned to various address ranges by 
inserting jumper wires as described below. All three MEMORY SELECT 
sockets MUST be jumpered identically! The rafitit way to 4q this 
is to use Apple supplied memory bloc^fci. 

Let 1 tarn by txampTef 

If you have plugged 16K RAMs into row "C" (the sockets located at 
. C3-C1I m the board), and you v^fl£ them to occupy the first 16K of 
addresses starting at 0000, jumper pin 14 to pin 10 on all three 
MEMORY SELECT sockets (thereby assigning row "C" to the 0000-3FFF 

iringe of memory). 

If in addition you have inserted 4K RAMs into rows "D" and "E", and 
you want them each to occupy the first 4K adiresses sttrtiRi it 4000 
and 5000 respectively, jumper pin 13 to pin 5 (thereby assigning rm 
"D" to the 4000-4FFF range of memory), and jumper pin 12 to pin 6 
(thereby assigning row "E" to the 5000-5FFF rtnp if nemory), Rwiiter 
to Jiimf3er all three MEMORY SELECT sdc tests thi mMM. 

ftu have a large contiguous range of addresses filled vrltlr WW 
inMry. This is the 24K addressM from 0J^0-&FFF* 

^ following the above e«#I^ you should be able to assign each 
row of RAM to any address range allowed on the MEMORY SELECT sockets* 
Remember that to do this properly you must know three things: 

Which rows have RAM installed? 

I, Which address ranpi Si? WUt thm W 
occupy? 

3. Jumper ill thru MEMWY SELECT so^ititts thi 
fime! 

If you are not sure think Qrefwlly, essiHtlanf ill ttt nactsstry 
informatloa is given above. 
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MPinorv Address Allocat ions in 4K Bytes 



0000 



1000 



wm 



3000 



mm 



5000 



6000 



7000 



text and color grEphlc» 
diBpiay PM". 8»02 Btack, 
polntora, etc. 



high res grftphlcB display 
primary page 



high ree. graphlca dliml«y 
secondary page 



mm 



9000 



AOOO 



mm 



cooo 



BOOO 



EOOO 



foso 



addreseea dedicated to 

n 

M 

Hm eocket DO; spare 

II 

Ml socket D8i spare 

IPI socket BO: BASIC 

II 

ROU socket E8: BASIC 

n 

ROM Bocket FO: BASIC 

utility 

ROU socket F8: monitor 



WCT#r.y Map Pages to BFF 



HEX 


tJSED 
BY 


USED rc^ 


COMMENTS 


ADDRESS (ES) 

PAGE ZEBO 
0000- DO ir 


UTILITY 


register »re» for "sweet 16" 
16 bit llnnwfcre pxocessor. 




0020-004D 


UONITOH 
MONITOR 


holda a 16 IW- 
is randoBized WCii W 
entiEf..* 






UTILITY 


integer aultiply and divide 
tiork space. 




0055 -Mff 
OOrO- DOFF 


BASIC 
UTILITY 


floating point work Bpape. 




PAGE 


6502 


subroutine return *^fepek. 




0100-OWF 




PAGE two; 




chttractei' iiQmt 




0200-021T 






PAGE THREE 


MONITOR 


Y (control Y) will catise 
a*^JSR to this location. 




03FB 








KMI*8 vre vectored to this 
loc*.atlon*^ 








lRQ*s are vectored 

address pointed to MM tm^e 

locations. 




OSOO-OBFT 


DISPLAY 


text or color $mm^m 
primary page. 

text or color graph|ffi« 
^^C^hdary page, 


BASIC inltlaliaes 
LOllEM to location 



Hi 



I/O mi ROM Address Detail 



HEX 

ADDRESS 



ASSIGNED FUNCTION 



COMMENTS 



coox 

COIX 
C02X 
Cd3X 
C04X 

C050 
C051 
C052 
C053 
COM 
G055 
C056 

cmf 

C058 
G059 

C05B 
C05C 

cosn 

C05E 
C05F 



Keyboard input. 

Clear keyboard strobe. 
Toggle eEssette output. 
Toggle speaker output. 



Keyboard strobe appears in bit 
7. ASCII data from keyboard 
appears in the 7 low^r Mts. 



'•C040 STB'* 



Output strobe to Game I/O 
conpeetor. 



Set graphics mode 
text 

Set bottojn 4 lines graphics 

ti n M tf -text 

Display prtipary page 

" seeandary page 
Set high res. graphics 

eolor 
Clear "IMO*' 
Set 

Cle^r ''mv' 
Set 

Clear "AN2" 
Set " 
Clear ^AW* 
Set 



Annii«feslato-:i* tmfjp^t to 
Qsme I/O aonnecstor. 



Annunciator 1 output to 
Game I/O connector. 



Annunciator 2 output to 
Qmm I/O conaeetor. 



Annunciator 3 output %m 
Game I/O connector. 
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HEX 

ADDRESS 


ASSIGNED FUNCTION 


COMMENTS 


L/UbU/o 
C061/9 




State of "Cassette Data In*' 
appears in bit 7. 

input on 
State of Switch 1 y\ Game 
T /O ponnprtoT amDears 1 n l>i t 7 


C062/A 




Stats of Switch 2 input on 
Game I/O connector appears 
in hit 7 






State of Switch 3 input on 
Gamp I/O connector aDDears 
in bit T. 


ncifiA in 




State of timer outDut for 
Paddle appeai^s in bit f. 


wUoa/ D 


ti 1 ti " 


P!i"a+'i3 of^ 1"impT* oiilTHit" "foT" 

Paddle 1 appears in bit 7. 




It 9 ti rt 


S+a+'P i" "1 mPT "fm* 
Paddle 2 appears In fait t. 


C06f/f 


Tt 2 11 " 


State of timer output for 
Paddle 3 appears in bit 7. 




"PDL STB^' 


Triggers padd.10 tirij^rg 
durins 0« . 




HETIdE SELECT 


Pin 41 on the selected 
Peripheral Connector goes 
1©^ dur inp^ 0*^ . 




tt 2 






3 






If 4 












tr g 










ClOX 




Expansion connectors . 






1! 






■ft 



IS® 



HEX 

ADDRESS 


ASSIGNED 


FUNCTION 




COMMENTS 














C13X 


DEVICE SELECT 


B 




f» 


C14i: 






c 




It 


C15X 


if 




D 




ft 


C16X 






E 




r* 


cvm 






¥ 




ft 


ClXl 
C2XX 


I/O glUICT 
»i 




1 

2 




Pin 1 the selected 
Peripheral Connector goes 
low during 


mm 

C5XX 
C6XX 


m; 
It 
n 




3 
4 
5 




^ SOf ES : 

1, Peripheral Connector 
d0#M a0t get tibis " 

I/O SELECT 1 uses the 
sarne addresses as 
PBf IDE 1ELM3T §-F. 


C7XX 


it' 










C8XX 


11 




8, I/O 


STROBE 


Expansion connectors . 




It 






i-'t 




GAm 


H 




A, 


It 




CBXX 


M 




B, 


il 






(1 






St: 






W 






If 




CEXX 


It 










C]^XX 


11 










DOOO«D7FF 




m 








D800-DFFF 


f* ft 








Spare . 




'it if 








BASIC. 


ESOO-EFFF 




IS 






BASIC. 


F000-F7FF 


H If 


F0 






IK of BASIC, IK of utility. 




fl rt 


f § 
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SYSTEM TIMING 



SIGMAL DESCRIPTIONS 



TjHl Master oscillator output, 14.318 MHz +/- 35 ppm. Ill pthlf 

timing signals are derived from this one. 

7M: Intermediate timing signal, 7,159 MHz. 

COLOR REF : Color reference frequency used by video circuitryi 3. 530 MHz 

Mp - Phase ? clock to microprocessor, l.(?23 MHz nominal, 

01 : Microprocessor phase 1 clock, complement of 0o> 1-0^3 'iliz 

nominal. 

f^; Same as 0q. Included here because the 65^2 hardware and 

programming manuals use the designation 02 instead of 0o. 



Q3 



A general purpose timing signal which occurs at the same 
rate as the microprocessor clocks but is nonsymmetrical. 



MICROPROCESSOR O PERATIONS 

ADDRESS : The address from the microprocessor changes during 0i, 

and is stable about 300nS after the start of 0i. 

DATA WRITE: During a write cycle, data from the microprocessor 

appears on the data bus during 02, and is stable ?ibout 
30Q(nS after the start of 02- 

DATA READ : During a read cycle, the microprocessor will expect 

data to appear on the data bus no less than lOOnS prior 

to the end of 0^* 



TIMING CIRCUITRY 
BLOCK DIAGRAM 



MASTER 
OSCILLATOR 



SYSTEM TIMING DIAGRAM 



TIMING RELATIONSHIPS 



JiiiimmmrLfmri^ 



TIMING 
CIRCUITRY 



H^aME) J \ \ L_J L_J L_l — LJ — L_J 

<^ 1 



<M> JTrLrmjTJixuiJTJTi^^ 
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REFERENCE 

OSCILLATOR 

AND 

SYSTEM 

TrMING 



SYNC 



SYNC OUT BUS ^ 



TIMING BUS —~ 



MPU 
AND 
BUS 

DRIVERS 



FIG, S-2 



ADDRESS BUS 



n 



TIMING BUS 
I I I I I I 



VIDEO 



FIG. S-11 



t AUXILIARY VIDEO OUT 



DATA BUS 



I I n I I 



ADDRESS BUS 



DATA OUT 



8K-12K 

ROM 

MEMORY 

BASIC 

AND 

SYSTEM 

MONITOR 

Fta S-5 



4K/16K 
RAM 

S^0T 



Fm. m 



DATA IN 



RAM 
ROW 

^EUEST 



4K - 48K 
RAM 

MEMORY 



FIG. S-8 



RAM 

ADDRESS 
SELECT 



RAM 

ADDRESS 
MUX 



TOAlL^WlONS 



POWER IN 
+ 12V 
+5V 

-SV 
-t2V 

am 



PERIPHERAL 
I/O 



FIG. S-9 



ADDRESS E^^^^ 



8 DECODED 
PERIPHERAL 

CONNECTORS 



ON-raAm) 

I/O 



FIG. S-10 



DATA OUT 



41 GAME I/O 



I 1 



» CASSETTE Oiar 



i KEYBOARD 



f SPEAKER 



— DMA BUS 



J 



HI 



SY^EM 
ADDRESS < 
8US 




raOM P01IPHERAL I/O s 
SEE FIG S-9 



FROM REFERaMCe 
OSCILLATOR AND TIMING 
SEERQ. 



33 



I RA01 



3JK 



mm 

3.3K 



H1 



I RAoi 
I — » 

3.3K 
RA01 

I Wr-^ 



H11 



< NMi> 



29 



FROM 
> PERIPHERAL I/O'* 
SEERa^ 



-^B-V FROM KEYBOARD AN 
02=2^ PERIPHERAL l/O's 
SEE Fie,&«4&n 



32 










mo 






J7 




^r2 






H10 


si* 


< 


30 


13 ^ 






H11 






29 






i 










6 - 








1110 






27 


10 . 


^9 




H10 






26 




fc 





DA1> 4fl 



DA2> 47 



DA3> 46 



DA4> <5 



TRISTATE 
V SYSTEM 
^ DATA 
BUS 



8T28 

(PINS 1 * m TflffiTATEJ 



AVAILABLE ON 
> 50 PIN PERIPHERAL 
l/0a3ftf^CT0fl 



20 <l/0 SEL> 
t 9 <^g> 



SYSTEM TIMING 



NOT AVAILABLE ON 
SQPIN PERIPHERAL 




7M 

<GQLQRRaF> 
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SOFTS 



FROM 
SYSTEM 
TIME 

RG. S-3 



CLOCK IN 



+ 5V 



Vcc 
CEP 

CET 
CLR 
PO 
PI 
P2 
P3 
CL 



QO 

D14 

02 



03 



74tSlSl 



PE 

TC GND 



SOFT 5 



-t-SV 

m. 



15 ja 



14 



13 



CLR WE 

^ Oil- ^ 

PO 00 

74LS161 
PI 01 



CL 



03 



P3 

TC GND 



5V 




14 



13 



15 8 



10 



Vcc CET CEP 
PO QQ 



©12 

Q2 



741.3161 



PE 

TC GND 



-5V 



SOFTS; 

6 



14 



15 



1 



10 



Vcc CET CEP 



PE O 



TC 



P2 QO 
74LS161 




02 



03 



13 



SYNC OUT 



- CD14-14) HO 
- (D14-13) HI 



<D14-12) H2 

<Di4-n) m 



<D13-123 
<D13-14) H4 
<D13-13) H5 



<D13-10 VA 



<D12-14) VB 
<D12-13) VC 



■<;D12-12) VO 



-* (011-13) V3 

^ — CHHD V4 



N.C. 



FIGURE S-4 SYNC COUNTER 




o 5 
m 



g S B 



o ^ 




CO cy 



"r- 




o 










£ g 




E 




£ 




£ 




CD 








£ 








S 







W 








m 


CO 




d 


UJ 




ST 


LU 

m 




(A 
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<AX> 

40 ^ 4»o y 



"D" SOURCES ARE 



H3 rD14-11 



SCREEN 
ADDRESS 
FROM ■( 
SYNC 
COUNT 
FIG. S-4 



H4 CD13-14> 
V3 rD11-l3> 



v4 



C11 

H5 CD13-13> ->M>0" 



SOFT 5 



FIG S-11 

VA CD 13-11 
FIG. S-4 



VB CD12'14> 
FIG. s-4 



HO CD14-14> 

H1 CD14-13> 
3 < AD1 



72 



73 



-5V 



14 



IT 



AT 




t2 - 


^ E14 
74LS283 

CO 

So 

B2 


Si 
B3 






SI 







T3 



70 



a < AD6 



■5V 



SO Si Vcc 
12a 

I3a 

E13 , 

I2b Za 



13b 
lOb 



Zb 



lib 

Ea Eb GND 



40 



H2 (014-12^ 
4 <AD2 



6 < AD4 



^ tPl1-14> 



70 



+5V 



I2a 
13a 

lit 



I3b 
lOa 
iia 
lob 



74LS153 



lib 

Ea lb GND 



15 



40 < <1>0 



\^ {¥^-12> 
9 A D 7 



CII 

71^ 2 2 



Vcc 

S 

C12* 

lia za 
74LS257 



lOb 



Zb 



lOa 



I GND 



VI CD12-11J 

CADe> 



72 



73 



12 <AD1Q> 



70 



t3 <AD11 



+5V 



Ell 

12b 2a 



74LS153 



2b. 



lib 

Ea Eb OND 



- Cli?7> A2 



E12-9) A4 



TO 
RAM 

ADDRESS 
LINES 

FIG S-S 



'E11-7) AO 



E11-9} A3 
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49 



<DAO> 



4S < gAT> 



47 <DA2 



46 



RAM 
DATA 

IN 



<DA3> 



a <PM> - 



f FROM 
RAM 
DRESS 

r MUX 

m. s-7 



FfOM 4K/16K SELSIr 

FIG. S-6 




ROWC ROWC ROW D ROW D ROW E ROW E 
CAS CS/A6 CAS CS/Ae CAS CS/A6 

(TTTT) (irTT) (PM3^ Cei-13) (fi-i2) Cei--i2) 



15 u 



04 



RAM 



15 'tS 



C5 



75 



C8 



RAM 



75 '3 



C7 



RAM 



75 /3 



75 ^3 



C3 



RAM 



010 



BAM 



RAM 
PIN 

AO 10 



dnT) . 



a 13 



D3 



E3 



RAM 



75 M 



P4 



RAM 



75 13 



14 



f4 



E4 



05 



RAM 



15 13 



15 , n 



E5 



RAM 



06 



RAM 



15 T3 



14 



15 13 



E6 



RAM 



D7 



RAM 



RAM 



m : .13 



RAM 



m 13 



T5 J3 



m 



RAM 



75 73 



tS 1$ 



E9 



RAM 



75 



D10 



RAM 



£10 



. 77 


74 ' 






ta 








4 








6 


r4 ' 


77 


14 






f3 


14 








. e 



03 



B5 



74LS174 



01 



DZ 



D3 



Q3 



D4 



Q4 



01 



02 



CLOCK 



10 



TO ALL 
RAMS 




RAM PINOUT DETAIL 



FROM SYSTEM- 



12V 



^ t 


Vm 


GNO 


m 




01 


CAS 


— decoded by ROW 


3_ 


R/W 


00 


— TO LATCHES 


4_ 


RAS 


CSI 
A6 


— DECODED BY ROW 


5 


4K/16K 
A5 A2 

RAM 


m 


6. 


11 


m 


A1 




7 






10 




A3 


AO 




^ 8 


Vdo 







DLl" 

oil 



CM) 

f 



LATCHE[3 

RAM 

DATA 

out 



FiaUR^ S-8 4K TO 48K RAM MEMORY WITH DATA LATCH 



UJ 

Q 

O 1 

o 








N C. I 








! ON 


CM 




I/O 


IS. 
































n 











CD 


















<M 






<M 


CM 















-1 








(NJ 


N. 

Cy 






ry 


03 
CM 


■ft 
JO 






MB 








I- 

CM 


CM 






CM 


CM 


(0 




I/O 
















CM 


S. 
CM 






CM 


CO 
CM 


in 







eg 
















CM 


CM 






n 

CM 


CD 
CM 



























CM 


IS. 






eg 
eg 


s 






C 


m 






^ 












I N C. 


1^ 











UJ 

—I 

. < 

UJ cf, 
9 CO 




1 Q^^ 

I - H-£ UJ 



CO 
CD 

:§ 

(- 

> 













9 




If) 




CO. 




101 




X 










Q 


Q 


<AD^ 


UJ 




(F12 




< 


< 

V 


CO 



10 O 

O It 



2UJ >« 



I4t 









— fs, 




si 




D C ^ 
L UJ L Z 


£ ? 




5 C 2 

< I; O 


sw 




o 


z z z 




z 


z 


< <: < 






o o o Q o o 



S S 




LU O 
Cl < 
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198 








m 




100 




MC 






s 






EGND2A 


ZC lOA I1A 


19 IDD ZD ZB 



FIG. S-10 

FROM 
SYSTEM 
TIME 



RAM 

DATA 

FIG. S-8 



FROM fjEXT 
ADDRRESS J MODE (£2±i 
DECODER F 14] m\ (^77T 
FIG.S-IO I^MODE ^ 
FROM SYNC rV2(Dn-l4 
COUNT 1 V4 ron-l2 

FIG. S-4 V. V. , 

FROM SYSTEM TIME < RAS> 

pxk m — 




03 02 
DO 



A10 



03 



74LST94 

SO 

;i 

00 at Q2 





74 


15 


13 




t1 


W < 


,7 



04^ ^ 


i STRB 




Vcc 


OS 




A9 


03 




02 




7413151 


m 




Ob 




m { 





R6-2 W 




74LS0B 



COMPOSITE 
VIDEO 
OUT 
K14 

^T^ 

HIRES 
ENABLE 
TO HI. C12 
4K/16K 
SELECT 
FIG. 3-6- 



